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*Rm wm ot ODatlJ i^e for psot^ction against oorsomSucm 
haa imm an area o£ iietiva iav&&tig&tiitMo aver aXmam tim 
matsrlaXa urere Hirat u^«4 £or <8»0in)»iirJUtg 'twSi teehnologiJ^al 
im::voaes» Painting^ 9alYanialng# m@tai pXating^ almiinlginj^ 
cSu^ HRlaing Ate. umtm msplof&d for oor^xiaion pzotitetlon ae 
^mXX tm deooration jpttspoaes £or quite aanw tine* HW poiyner 
aaatin^ it*a«# |}olifvin^l# «l»a3 t^ «iliQan<3S« as» mmm o£ the 
rooent ackiitioiiB to a Xcmg Hat of osaUaga i^iidh ar@ 
currently uaed in iaduatsf* itieee ooatingre aet aa auitciOie 
msstm; against oort-oaion at ambient to nodesat^y )ii#) 
t6i%.)esatttei«« in rcsoant yaara inteseat imm hmm developed to 
pmt^ uoe oot'ktii^a for metai® end alloys^ psnviding eatiafikOtory 
i>roteeticm againat i i i ^ tenixarature oxidUition and eorsoaion 
unuar eevese emrisanments* this ia lax^eiy due to the 
drnmlopRnmt o£ n@M hi-:^ tie$>ermt»re oosvoaitm reaiatanoe 
materiais ios ai)|»lieaticMi8 in hQeotipexs& and Marine Xodkt&tricta 
and tii:jh ©ffioimiQy power generating i»iite# Mto^ vHing cm km 
grade foaail tu&lB and ooal g^aifieatic^ pXanta* Aiiioinide* 
ix}riae« silicide^ car£3itle« n i t r i c and tefrwstory oxide are 
Boim o£ ttKi base materiaia whldn psoved pxoiaisiil0 ee ck^reoeicsn 
reoistant ociatinge on heat reaiatwit or h$^ tani^ cnratiare 
aXloye« 
X4L 
Tim imAn obj^otiirv of tho iiiw»atigatS.oii« «ihi«h ax« 
OeaodUbad in this tJnmlG i » to studf th@ h i ^ ttfiiMHratim 
p0c£os8iaitQ9 of aame laocgaiiie ooatiaga «KKI %a m^ipljotm tbe 
posolMlity ^^ appllisati^ of taasm o£ th@ ooati i i^ on hlgH 
A|si 303 stioeilff i^iitih i « lA Cfft8,f it i austvnltid/afiiA inUA 
Hut )iD£H dsseritooa in ^this ttisfils ^MJLS nith ths 
oocxosioQ iaeliavJLmtir oi Ai t I 303 stfoel. JMMI »iS.<l stattl in 
csDatlags* ttm oorcooion lMi<avi^ «ir hM l>e«ii stiiidittdi at tfulaiant 
tliQ h i ^ is«ii^ »»catiir« oxiaati«:m bohAiriotir liaA taim studiod io 
a i r and In preatinc^ o£ ionie salt* (••g« Ifai2^4« ^'f^* ^ ^ ^ 3 
ana t;halr ralx^ucoa In ttm tm&wmVAee ttsu^ 400 «> 1000^* 
oxiaatl*^ kin< t^lc@« 8iatall09ea|»hy« oeanniag ^X&a^antmXammoopif 
and x»say lUf^racitle^ am tha iMMUi tools on i^iili^ high t«|»ac»-
tit£ie csDrsaalDn stuuiea am brnmA* 
Chapims: X pneaanta a orl t loal aucvay of tlia ooatln? 
fftatedals ^Ith ai^peeial enphaala on tha cjoating «atariala and 
ca»atii^ taohniquaa Intsoduoed during the last 20 yaam or ao* 
Sosie of tha raoimt todmi^iiaii incXuda paOn ewMM^ati^^ ion 
tplating pitts paok ovaeatAtion and ttXeetsaphositsis* 
€ai<gpt4Mr Z2 doals yrjLfeh tli9 p0etpa7atioil« p«aiHietle« 
R^d fiKKdiaiiiaei o£ Sosmaticm o€ ooatings \AiUi\ haiMi aettt«Il.y 
.jcsoQ U0dd in th@ wofk and (3E««eribecl in thm folloiiiii9 ofte^teco* 
The OEH^ tingpi iiKiXuas phon i^atoe^ i^ tixonata* eftC&4ilo# oidcSto* 
ijur«4t« ana silicsato* tlie f i r s t 4 oeKitinas liaiv* hmm «|3ptXie(l 
cm poXishod alloy ^^^cimmh- surf o o ^ usiiig « ooatiag sltirsy^ 
^ia]»» tui tile othar tita iriJi«# ix>rat« «fKi s i l i ca t* wee foxmed on 
s l lo f 8ii£Eac€*a ]af ^iiu&Um toQlim^qpi^  tli8 qoH|ioaitian of the 
coating mut^el^B or ttm €9on@titiiants p»9Mnt la th» coatings 
hova ix3<Ki dotexBiln^ on tim ii^cls of %»s«y <l4fCcaortlofi anaXyals 
and unalifals o£ tha scsannlna elecstson mlcesogciyilui of the oo&t/&d 
sur£@OQ8» UMI follo%fis)g[ «st» the nudn aomtitttanta idrntifled 
In tlie caoatliiaf matci.slals« 
Phoi|d)at« auiGfttt* BatmUr osclds* 
WMMMMMfaNMIHWIM 
FoPO, 
AljSl/Oj 
wiCrjO^ 
r4«:r20^ F«uB#NlB 
asD« 
BosntiK CHeanaW Caiiiiaii i» 
FflCl^ O^ SillC 
a m ooatlnge on AX."!! 303 stiQoli b m ooatlafs an rallii «ti»sl 
4v 
Qiaptar lit dtetmexibitm <4eetxodh«aiQft2. stuidUw on the 
phosi^tia and c^ coraatti ooatJliiga Asm sUMale I4IQS« «B oth«r 
a>3tiiigs shov the ti^ ndNHiey of diaiKiliiliofi in HNo^ ^ Oovsosion 
pot^ntiftl. lor ODat@d alloy sptsoim&am initidily shiftael in tho 
eatiiK^dxi dirootioii whicti i s ^oliofiid ^ no oiT Xittl« «»eiation 
in pot^antiai lot the XB&% oi. the peslod* Xn iCi« phoflphat© 
and tosato ooatod allcqf flpeotomio #)oir taettitr oarscMiicA M^MV 
£ox8iaaoe than ti^ unooataii alloy stMl* ihtt •cuKming •loetC£>n-
r^Qf^sqt&gim at the coating sm^acws (afttr totatMant tiith 
acida} show faatures typioal o£ pasaimitari ooatin? metal/ 
pliasijhdte (il2^^ ami HCD/ondUla ( ^ ^ 4 <vid MIO.> #»ir naarly 
tmiioxm ao i^tinga ytiUi oloaa twsandtilaocsa to tiitssata^ omtin^ja* 
v^ hsiro aa in ^ici tXm SEN pictosoa indioate B&m i«alMSMi tfiiical 
ciisptar ZV osntaina wiimtkm stupiao of i»hofi|)liata# 
silicata« £»£ata# oxida and citraaata ooatod 303 viaal allof in 
air at timp&eikmm» canging tmm 400 to 1000%« in tha t«qp«ra-» 
turas Sanaa 400 to 800%^ th^ leinetio cusvoa (wt^galj^tfaa) dhow 
paralsolic b^mviour* Alaova 800*^4 howowar* moat of tha ooatinga 
aijfovr Oml'itimi from tha para^lio xata law* Chejuata* phoi^^t* 
and. md/dm ooatSnm ahow iMrttar ooJnct>«i(m W9mL&tmat€Veie» 
mmo&tjiid alloy jLit th@ tMopttnitttBt tm^^ 400 * «CXI^ » 
At ec^^« Qfilf i^xQiRate iXhitim i^M bottAT QorxoslAii eMi»» 
tamm tlittii th@ ufiac»ated •teiil* At 1000^ C« |^ iom;iha%» ooatsd 
alXoy has m|M»Eioir oocfonJU^ f»K4@t«iioo than the imooatail 
alloy» Xt iiaa b^ iaa ooricl.uite(l that pho^liatit •iicl i^tmmAtm 
QOatJijam exo t:tie peamiiiiiig i»at«i7l4iX« for td^ tfanprns^rnxm 
mirxo93^£iR ve^Xot^^^Ksm piaxpo&e» im mfflxcxmmRtM crmtalnlng air 
or mgrgwn* 
In Chaptar V» t ^ high tfl^p»r«tiirB oxidatlcMi btiiavicmr 
o£ |ihc»i^ gdiata« lxi£iiMi« aiiic^t@# oaciia ao^ «lisioiiait(i tt»«t6d 30) 
8to@l« has ia&^n ^^jammn^ In pvmtemiam o€ Imile aaits* tha 
hdt oorfiDsion stuoies ii«\^ Is^ iiin oarxiad out at four ctifierant 
tof^mrattumi n^t^ 70Ot 80G« eso m& iooo^f in air« 
In gmeral* the oormaioa ratas of tha ctoatad aXloya in 
pxmamim o£ NaCi as© modi hi^ jhar (at ICHUit one orter o€ magni* 
tuaa) than in prs^anca of ^^^4 ^^^ HimJSO^ Morttovar^  tha 
mMitiJsm o£ Ha^ X to ^«2^4 ^^ ^^^30} iacaataaaaa tha oarxoaion 
mtaa aepmcl9i»kt in nriasif a i i tha eaa^i* this indicataa tha 
pivotal eol@ o£ HaCi in aHhancixie} tha oorcoaioa attM^ in a l l 
ti-m Qoatod alioye as wall a@ in tha anaoatad aiiaf• Iha 
phoeph^ t^a ooatea alloy haa Xo^ r^ oorxoaion rataa than tha 
wmxmtf^ a l 3 ^ in pi^ asamsa at tfaj^^ « ^ X>X nixtusa of ^ ^ 4 
and «^([^ « UJia unooatadi 8t<aal noaa of tha fiva coat ing ia 
Qi^tmSM o£ wXthetafidii^ »MQX9 attadk of oorcoaioa in pgmmiaae 
of icmic salts* 
I3ie mocphaiojioaX studies o£ the ooszocied aiieys indicate 
eii]iiiaxiti&& in the seaiQ otsiictiir@s« ^tuitiiayvnid sesX^s aro 
imuallir tome&m In .iriiSaoca a£ ^ ^ 4 # a miiCiils spinel 
(F«rf|«Cy2S«) ia invacittlaly pc<u«nt as tlie innar moat li^rar 
folloMacl lasr a mafiiir ricli laf@r psadoiiinintly oontaining F«$«« 
tiia panultiiBata laf^r oontaifis oxiM, s) and the boating iiatar« 
ial9 focm thd outsr noat la]f@r# FaPO.t Al^SiO.t CxiK}^ ^ 
Ffin^ tiio^  ansa SfO^ pr^sant initially in phoaph<it«« siHoata^ 
ijQrat@« ftfuaoeiatii and ostids OE>atinga« ci@sg>aetivsly# swMia 
unattatilcad tMrisig hot qoeinosion and apf^ aar in ttis £o»s o£ 
cmt^ r layar in the seals* mtring hot oor»>sii£m# ^ ^ ^ 4 iM»tt» 
tratad thwcM^ ooatli^ pox^m and attach tha a l l ^ at ooaUng/ 
mf^ taX intactaae« a ^ntlfur inducad daggsiation ao#s i s fi$)ttc»-
tiva • Itiia i s pachapa ptomamd laf a fluxing noda involving 
sspcwsi|»itation of oxids naar the caoiiting intiasfaos* ItMi 
caoatad alloy@ ooricodad in px^ saanca of Hid s^ o^w panstiation 
ai; tue salt tiieoug^ grain iCKHiiKiariea and in aema CMUMI . is 
acooe^ paniad isy f ragm^itation of the alloy mtimmm tkm oxida 
soalas am disoontimioiis end patmm and c^orid« j^iasa i s 
pxwsumaialy wsoioulatsd at tita alloy liita£faea« Hw *l«2^4 ** 
MaCl QorxDdad alloys show sestanaiva 8ulfidation« though the 
natiist of Isha siaiida scmlasis siKUar to thiiit ^laafv^d in casa 
of Ha^ dD^  al<:ma uit tiiay a£a thii^ toer and mam pom^m» tha alloy 
matrix af th@ aiatixx^md allti^ aho^s owi^ Mnee of int^aal. 
aulfiilitioa in sotnt fltt9Mi (uncKMitadU oi i ieat* mA eSisonatft 
o^JUiation soa hot oocso&iofi studloa oanri«Kl out «3fi dhsonattt 
mrat« ana oaetssit^  o»at«iS mll^ @t«ttl* 
^he r;i<^ temperatiuee oxidation atiaeliiui hafMi iM«ci 
carslad cant la air in lh« tcf^rer&turv ran^ 400 m tooi'^* E^lie 
oo^tod »il,d stoel allora umtaliy^ follon a paraiaoUii e&tm Xmt 
in tii@ taaiseratxiofit ranga 400 «» 800 C^  ham/mxt tha ni id ateoal 
mxifim a linear ratta lait at @00^ C» Xa gamcai* a&X tha thxoa 
osatifija o£fQr ib^tt r ciseiaatiioii f^saiatanoa tbaii tha isiia atai^* 
thm oxidation rasiatanea o£ dif ietwit ooatinga follows tim 
tm^iotmoo I Sorata y Car^d^ y Chcoaiatia y> mild atattl* 
Uta hot oormiaiao atutllaa oastiadi cmt on locate# 
cariaiaB and Gtisomata csoatad mUd ataal. undiNr thin filoffi o£ 
Ka2>^^ of varifing aoaae»trationa (0.4 to 6*0 mg/mr) at S 
ai£farent tart^poraturas. Concantrattoa o£ lia«30^^\#t gain sod 
ooiia@ntr:ation o£ Haj^^taRtJ^eatura plota iAdloaUr that at a 
partictilar tm^tatstm tix^vei la a er i t ical ooncMHitfatioa of 
f^ a^"^^ at tthiqh oorsoaioa sate ia m&ximm* thia e d t i c a l 
fip^unt o£ tia^^^ doecitasiaa with inarsaaing tanpa^turo* i^r 
exa0^1a« tho disom t^fli^  toxita and mild ataal iiaqpilfia 3*8«4«4 
£ar aohieviiig fRaKlwa Goreonioa c«fe»* 
me acal@ moiphoXogy ot the ooataa «Uof • ia sinUar 
to that o£ taiXd 8ta^« twmxl^lsly «l,l the ooatiiigs tlhem a 
a o3cl<ie or a di«»l«K cisKia* ae&lii i^iidh i s poxioiui# Mii tlw outer 
m^lm xmtiallf txmpti&Sjog of oodting natnlaU Thm 1102^4 
P«KMitrata« t^ s^ougli the aostHig pores eaiS «tteiea» the alloy at 
t^m ooat&ng/alloy iiiterfiioe« 1 ^ oorsoolon psooeede sjf @ul£i-
oatiriA in whioh oariaon iiwam tJtm aoilM aolution ptiaiie in the 
allof) aand oementite (Fe^ C) cvaet wi^ aodim eiiiiate to gLvm 
a via Na^ ^ re^^eetlvely* Itie rflfaovai of eoaesitite f SDOI the 
alloy i s indioited bf ttm absence or <l^>letiofi of the pearlite 
phaae in the matrix o£ the oorsoded allogr* 
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£ii«4 t4i»c»i&sicfi • • • »«• ««• • • • 91 
3«3«l Bot2«vi<jiU7 o£ 0&atiB9B in v&riois Ac^Vctica 
S«3«2 oaddaticf} atudlos «•* 
6«3»2*t OisQiaotja a?€tUn9 *•• 
6«3*2»2 QiKi4a0 oD&tinQ ••« 
&»3«2*3 ifc»rsBt^ o oDatinc ««« • • • 
0»a*3 HDt 0&£13DSi£<l 9 tU^a« ••• 
'a«3«3»l CtlSiO£Riat@ a;»acl^9 ••• 
6»3«^«2 BoraiHi cauatiJ»g ••» ««• 
S»3*3*3 C^aa^aide ODatifiQ • • • 
i*3»3«4 i^ODatixi rriiitl stONiil •*• 
i»3«# Morpholo^cal s&udiits ••« 
Sft4 L4acu£isiar. • •• ••• 
v'^SKacy »• • • • • 
rutu£«i ' ian oi \-<&ik ««• 
as£mr<ficos »«• • • • 
T&bl&i& • « • •«« 
l-'iigiarcss • • • «•• 
rh&tcsaicjeogret pha • • • 
* • • 
• « • 
• • * 
^Ql ti  
• * • 
• • • 
• « • 
« • • 
« • • 
• • « 
• • « 
• • • 
• • • 
• • « 
• • « 
• • • 
* • * 
« • • 
• • • 
« • • 
• « • 
« • « 
• • • 
• *• 
• • • 
• • • 
• • • 
• • • 
* « • 
• • « 
« « • 
« • • 
• • • 
• «« 
» • « 
• • t 
• • • 
• • * 
• « * 
* * * 
• • • 
* • • 
106 
107 
im 10S» 
no 
no 
l U 
l U 
in 112 
113 
114 
114 
lis 117 
12S 
132 
135 - 147 
14@ * 156 
l£9 • 194 
195 m 23& 
iv 
of mmm j:rior9M^ie ootttad |@ c r •- &«Siii sta«l« 
COM A ^ * lA3:iD<i4tJ| « t 800 * ^300%# 
CQ£«mmieai@^ 
^ ) ^« i«« f'^aiilif ahdd f ^im^ and ii« i.« nulita* 
Ocisimsii€«tai« 
kMt ,11 jmim 
2*1 hi,B% o£ o@^iitll»i«it8 vemmt $m i^miimtmt silicate^ 
«£li«iofB#t% he^strntm aeid o M ^ exists p^tsi %}3 8t«ei# 
mm mm»%ltmmtm im^^^m mm^m^ pr^ tsurm* 
pr30€i^ €@ &f t h ^ ^ i t t c»£ P.^ilD^| of cKrat^ and 
#•3 ^%i»i»oJLie ra ts e^ Qiss&«iit o£ csoataa imd meoatad ^iid 
@*4 aeitieial mmxmt of i'««3&^ i^iiuir^ for 
tiffi|3afB«iir# mmm of Too «- sSoPc. 
VI 
^m ^i amim 
3»| %t«iidLal/tlJid ciurvcis lor ooai^ tia ma i«keo«««A IDS 
stoal in i}^  itiOj* 
3*3 t^tfSitlal/timm |4ots l;or isoatad mid uncpistad 303 
0t«9l iR lit ii^m^0 
4,2»^ ti«ii^t gmin ini» tln^ piotn for ttio mH&m^mn o£ 
@0O ami lOOQPc, 
4*3flMS v«t^ht gait)* 'v«« tini« i4ota for the oiddstioe <»£ 
^btsmSb^t^ c&atdd aea vncostdfi 9t<»3l At 400f 600* 
boffat@ u^tiad anti HMsoafecjd «ta«L in tb» t«itptr»-
4»6»<4 ^4i^t i«Gii^ V i^Ni Aots i^7 t ^ oxiaation c^ £ 
lx>rat«> ooa.^ sr^ ii t»eo£it^ 0to«l in tlis tm&pstr^^ 
tauPd ron^ of 400 • looo^c* 
^•Jm€ Nrili^t i^ eifi/tiiiKi filei» ior thti osdddtiisn of oiddo 
ooatod m^ wxsi^Atm& mtml at 6ao# 600 tm 1000%* 
4«e4tNb v:^9ht i^ainVtin® i&eta for thtt oidaatlQi] p£ 
oxifit eo£t^ an<i unc&atiKl stmal «t 600 @n€{ SOO c^, 
4«9a»a v«i^t gaim v»* tifitt ^oto for tNi oidil&ti«n o^ 
idupoi^ t^i? coatsd and ^coatod stMl at 400# 600# 
eoo ma iQoo '^^ c. 
vU 
4*11 ^Gt oi: Did«letlci» rat« cofiatimt iw* t«iapQV»tur{i 
£or ti'is3 ouatod flua iir4so&t^ .2a stool* 
£oir 
r@mxti» r m t a of. TOO » lOQC^c* 
S«SO t^t^wmtAc dlagrsaa sor « ^ dUosinaticci o£ 303 
9tedl ii^ ...«asMne«i of iiadl* 
&*|1 oetiflcictic aieQr«R9 for tiw mA£l&&tiim of 3D3 
&*23 ac^ MiEaatlc din^ratiai loir ^m mkii^Atitm of 
Ihosi^c^w^ ooistodl 303 rntmH In Pca»«nc4i of h'a^ i^c*.* 
S»|3 3(^ i^€fit£itic cli@^«^ £c)r thc» «al£idatiQia of boxato 
eicmtai&. 303 atool i c prii0«ne# of j^a^^iD.. 
6*|!#i« l^i^Tit CMl^U»» pLotS l o r t&^ GlEf^tlOKl o f 
600 aiKa SUC^C* 
6*3cNC i^ %iti& ^^al&Vtl-c^ i4.ot« mt m& csd^^ftlo^ of 
800 fliid 0 O Q \ * 
6.SIMS v<iQic^ t iMi^Uss ^oti» M J^T tti@ oxidaUoii of 
casliti^ co^tud ma iiticiOiit«MS isild at««& a t 4Q0« 
doQ sfiti aocPc* 
6«4a>^ i^^ilit i^aliivtif»« plota £or ti»o oidiSftticiti of 
CMCbiasi ooatisd ma imcoat^ fia ^Ud st«s& «t 400^ 
6oo m& eoo^c* 
vlU 
borate ODctod mi4 oicoistisd n4.ld stuaaL At ^K)« 
S*€aM5 "^^ 'al#it g€di} /tiisiQ piots lor Urn oxldfttict) of 
borat« cX'ut^ and uricx>ataS rdXa 0to9i at 4iX3« 
fioo a i d 0OO*^ C» 
OQ&.%eA arid urjceit&«idi £'4JLil st^wii «it 5So# 1P(X}« 
steal ill i^^mmmi ot l^iuaci.* 
6«|.$ r4:li@patic mmw&m ^ r the idilfidatloe of 
e^gdE&^dD coatad i ^ i t stooi i» mmmmm of I ^ A . ^ ^ * 
@»IC o^^imatio diegrttui £or th@ salfidaticti of l^orats 
ooQtod fsiXd stiMd^  in pmsmcm of t««^^» 
Ix 
kutm,Mwmk 
on 303 staol (£11^ 1) ©iO «• 
• t o ^ (^H) SOOO X* 
cm 3D3 atmi (sir) laoo »• 
2*3its) aps>si^»m&etismei. vimi o£ ^ixvmata aoatlnci 
cm 3D3 8taol (a&l} 2§00 x» 
2»3(l}) aurfacQ vlQii of c^unae^oi f%»atinQ on ac}3 
«««@l C^ gB) 3000 X. 
2*4ia) csoi}a**«aetiijCi«L viis^ o& hosmtm oaatiaf 
iSiH} <m 303 stodl C^ Bi^ ^ 350 x« 
2««il^ sur^ac© ^-.itf of lJorat.<3 csDaUsig 303 «tMMl 
i.^ gHj 3000 X* 
303 atmeA, imM) 3200 X* 
2«&Cli^  mneim^ ifimt o£ uxl<M «oatiik^ cm 3D3 
•taoL i J i ^ tOOO x» 
2*$Ca} .uiirfiae® viow o£ toiratii ooati&ii on s4i4 
stQttl imk'i^ tlOOQ X, 
2*Sil9^ On&siNtii^ ctJUmfkl vix^ Q£ liorate coetlxg 
on islld 9taii. (iBti) ^ 0 x* 
2*6 (cl Qma&*a&stiGnak vi':« o£ toorata tmrntimq 
m tdld s to i i (sar^ 380 x* 
2«7(«) ijur£ae@ viofw of c«siDia« c^ttting on eiiid 
ata^ (asia) n o o x. 
OB iffia St«MA ! » > 1000 X« 
2«e(4i} mmim& vim of ctuR^&t«i ooatiRg €it KilXd 
•t^ai i^^i) 3000 X. 
Gfi £iUd steoa^ C i^^ 4 SOO X.' 
3«iic) ssi^ i4.<mur« o£ etminittA ooatin^ cojRfoOadi 
9iir£«K:« SOCI Mm 
3*1 ia> : ^ t i4ctixr@ oil o>da« oo-aUf^ii €oe»»^«a i s 
3*2 («} '^^ '« pieturQ o£ sbt^0&tm GDatiniii eoir»E>a«d 
i n i^ !iB&j atioifi&9 t^ODoecscke tttd p i t * 
3*2 (b) ^ H i4etuni of pboo^ato caoatino eorsoc^M 
Ici |tu MiC'2 tfioniufi iaic«a€Mr«ciai and i t t « 
cm tJtm amttmm liOO x* 
3«a(e) ..BM i4etun^ of i^ioeiato ooatit i^ csoorodoa 
i l l | i ; l i ^ ^ 0hoirin« £i&« l t t « and pasw 
en tkm surfaoB |€oo ac* 
3*2(0) ^ M ..4.<^ wP9 o£ lacreta ooating oostoa«d Ic 
n't liiO^ »hot4no luuiii^ociiii piyiiota o£ i«oo 
ottsfaea 4K»0 ii» * * 
ma iimsm ®t ^^^ ^ ^ ^ amri«o9 i9oo jc« 
3«2i£} JSiM ^otture ol; tioratM oodOis^ oocsoa*^ i u 
md U&Kim e£ ^ # 3 ^^ ^ ^ •uvfacMi lioo x* 
3*2 ( d iMi i4e«ttx« o£ osdlite coating coiwoattt i n 
al fig thtt 9miD ixAi»<3«ei«i 400 x« 
FiQ« 3*2 Ch) s^i i4cl:or« o£ i^/AOm coating cocvDdAd in 
«lc .^g tho {^raln tx^wdadas 1600 x* 
J«3Cc) s^'i £4ctii£« &i tmra^ eootiBir oojrfiodMl in 
3*34(3) J ^ Picture fst d&ioet&ta coatlii9 oexxii»cl«l 
3«3i4i| s£H ^^eturs oi dtasmmtm e&aUng oocxoa^A 
tho 8ur£«D« 3400 at* 
S*2(«) «tioteoc3iesD9ett|ti o£ 303 »tmSL corg&SaA in 
prQ3«p€a o£ ^Aj^^^ at OOOrC 300 x* 
&«3(bl t^iotiotniGjeo^ E«£ti o£ 303 st«Mi. oonodaMI Ic 
pr©®€iic« of nod. £tt soo^c 100 «• 
&«2(c} ifiotaaia0»9xmpli o£ 303 stSiOttl GemoeimA In 
pra«art«:« o£ Hi^^^^ Haa «t SOOP^  100 «• 
S#3(d} -liotODicjEO^eapii ol 303 fttoia cornpaai In 
i«@s<stC9 o£ 2««j|^4 * tiaO, at BOO^ C 300 JU 
&*3(ft) »t»ttir;iiciO{fS«pli o£ |ixisfii«tt« c^atine in 
•pfm.m€m of liajac^ at 800®c 300 «• 
pnoj^ca of Sia^^^ at 800% 130 »• 
&*3ie) JIH 4c^r« at hi(|i^ir mayniMctttion of 
ltioii|itc&« csoatin^ in i>raa^ ncQ of *^ett^4 
a t eoD^c I9D0 X. 
5«4C«} asr-a ,jic;tur« of pboQ.itmtm ooAting in 
ix-a&i^ ic^  of um^ at &Q0% 130 X* 
&«4ii)) 5SIM i4.c:t.ure at t4.*J&os fi)Q^i£le&tJU» of 
l?lios£tiat;a oonting in gs0»micm of iJaOL 
«t eioo^c 3900 X* 
£^ «4(o) itiDtoti'leBogrvili of '^tm&gth^im ^ omting Is 
pxvioncd of naid at 6QQ^ c ioo x« 
S»4(c2) ^^toeiio0D9r«£l) of |tioati«t« oootieci in 
isrsiooRCQ of PiiCS. -^ 1^9^^^ at fioo C 100 x* 
S«S(ii) £)iotoi?4esD9rftPti o£ aUicitt* coatlnf in 
pir^acfice of UtL^m^ at fiOO^C too K« 
$«SCb} smi :ictur€ of s i i i ce to eoatinf in pfa» 
aa:tco of ^ i ^ ^ at BCiO^ C 240 x« 
5.Sic) ^^1 plctus^ of lOlicato ooetUiQ i& ptm^ 
mm42m of h&d ^ Boo^c 240 x* 
&«$4aj i'liotQf^ 'ticxogimiii of s l i icet« coj^ting in 
jifmmmcm of li«a et SKJO^ C iOO x« 
&«&i«> ^^toi dcisu^xttpb of «ili€;iita ooatliig in 
PKmmcm of Hi^ ac^ ^ • U&a. at ©OO^ C icio x* 
&•€(«) i^fl^  ..4ot<iu» of laorat# ooetin^ in pemmcm 
•^diJti} «t)otc(s4GSDgimiit of imt&m oo^tin^ in »«»» 
0^€a Qi i^'«3^4 "*' <'«i^ «<^  eoo^c :iQo x« 
&•?(«} ^^toRiicSDgeapti o£ ohxoeata ooatint; in 
i-re:«iC0 of U9um^ at SOcPc |00 lU 
^•7(«} 
$•9 (a) 
proai^ '^C^  o i l^ «jtli'^  St eoO^C 100 3C« 
3^'; r4ctu£« o£ ehsoi&iitd coasting i c 
Pi?©ii0t5co o f riaO. life 8S0®C aoo ac* 
smmmoa ei Had at 8S0^c |00 x* 
r t^ior.^ icst>gcai4i ci! nkwctmta coatttifr in 
P£\3:>j!r>ca o£ ^ ^ 4 * <^'«ca at OScrC iOO x* 
i^Mitgm^cmgmitsti G& msiena coating in 
mo.amxi& i>£ Ha^ j^b^  at ioo^c IJDII X* 
:^ s^  ^ctucto o£ exidi o&atins in |if»<» 
•aRco o£ ^ ^ ^ 4 at SOO^ C Seo x* 
j^liotG^cxOQra^ &£ oxida coating in 
psmmcm &£ ^^^4 ^^ lOOO^ C iOO x« 
tliotejTJiicxoQraiti o£ oxi<^ coatinn in 
pe^.:'<fica o l tJaOl at IRJO*^ C: iOO x« 
%c>«Qf^ cxi»9iraitt GKicla c»atic^ in mm» 
amce ot Ha^^^^ t^ adL at tooo^c 100 x* 
i^mi/s^ceogemsHn o£ at^elQd mid ataal 
•ho^in^ Piaciita ana Sacfitaa 100 x* 
^ftotxm'Xcmgm^ ^ ^ i^ tilt^  ataai in meimmem 
oi ti&^^ at 750*'c 100 x« 
<if)Dta^ ci&Q]fiiPt} &£ c^ &noiEiata caoatadljiiii^ 
ataal in psemmm n£ t^ aj^ ao^  at QOGrc lOQ x . 
<%otardcmg£ai|ti o£ €i)0;^ata ooatod loiid 
ataal in pr^ iaaneo ol; Bau^D. &t SSo^c |oo x* 
sm jActsum ot tl'ta ciuxnata o&ata&jsiid 
• t e ^ in pxtis«fic^ o£ t ^ ^ ^ at 800^c ioSO x* 
#*iO(# i^S'-!! i4ctiii:€i 6 i titia ix»rat«i €»ataiS @ilia &fattl 
i n mmmrn® ^i ^ ^ ^ 4 ® '^ @0O^C t30@ «« 
i n .rcaoQE j^a of l^ «j|3D4 *<i ^^^c too Xf 

uz 
t t ^ Goncttpt oi lisii^^ e ocmtiii^ sor iSmsxifrmtlM^ em veil a@ 
mat<;3riaila liwni f i r s t Uiio^ rira» in«iftiy.iu«gic«i pDint oi: vimi 
ai c '^a,4A&&iyb c»^  i.4;)r^ >@rt;ies nut &j»Gii^vei3l& i^ tim m^^jsl or &i.lQy 
acting aiiai#« limjcg^slc mA or^isfile GC'atini^ ti^ Vfi ioiii^ hmm^ u a ^ 
aleo l*&m ap|&.iaa » high «€iSj.j«^atiirii! isataridLo iox i^ m t^^ ctiaQt 
coetiCio has i^iNSC @ri arom ot &Htm&iv@ r^m^sareti ciitrin^ tbm X&st 
tiao d^^«a^» rh«i hiili t«ip@ratu£i» ^atar la la such as aui^ j^r elXofs 
h®iji@ itfiii^ ftpiticaK-^iit:^' jraRclng £t<m ratjcicifor s&mtx>im to gm 
-rhu a#|44ca&4tm tjx. oc«-»a ©:K:?c:4ai. coe t iB^ UR th->sMl alley's 
titiaoyi3t<Kll|f iiriHMG&a hmn&iciA mLimetM &» far aa ttuisir h i 0 
€e«asi4Q cjt e ^ta turi»iri@, the «oroi;c^ii 9'.j!cU.i,«* ir^  ix^^rticuliiT o£ 
I 
wa'^t^m^mtM. @@«.^ cts axe &mh:M,^i». mm oniio^ laisseo tb@ ai^ica* 
r;'.n^  ineitio* ©. t-ii^i v^oc i t i ^s^disi^f^ ym»m%»mt^ A moi^:^ wm-" 
ia r^a &«rife>ar P£ cc*stiiic^ tawwo icwr quits occst fei»t» *%'3!S® 
€sii?DeM&@» ftiiica%a# oiiJi^ifii^ uto* ' i ^ roc^nt Adiiticstia mm 
txi&sm o£ eaiMci^* Ix»il4«y xiion^* 3iii€i&i@i# iJx»|l)ia@ dtc:»« 
%iiieti e&R M-tliatst^ 9#Vdi« o :^;j@riit^ 9 e«i<iiti^n0 m% which 
m th€ csoatini^  &ftra@t@ip triti) tl4& iafacB fil i^ Ci«a€}t«3»ii€ 
mtetaKie#8« i^iicl^ i^^etaet yi«i #y|»itjriMstt ifsom tii® «c t^ieci of 
tiwgmtm mA in&r^anicst t ^ et^ dof cacmatitu^iit c£ «Di c r^gaBie 
coating nwa imik^.M. m or^siic ass«i^«ia (tKtui&iy «£ t i i^ar 
n^^eiilar wA^t^i/^^m^tm/itmtie or e eoi^iR^ticii o£ tmp or 
i^r® aiorsiaici matori^s «r.d ® cmneiar (ti@isia.iy e ©iRatal Qii)» 
Mmewtit€ contyic^s i t ^ : i . i i ^ m^tM, i t a a l f icxr* iil$ m a&^ im 
mm t^tm topical @9imii.^ apci oi»pe«»iiis ^ac^ 9» gheS:|f^ t@»« 
Glii^si^tcA or Qw$,i^m §&gm&& in #iiaix mi tite sm^mm &£ sa^tal® 
or e&at&n^ hm&a on .si i iestd c^ ter&i;@ mm^m m4 © ^ 
micii an 6:ea^^d@it s i i i e i i lw i * tesidta* nitxic^Ki @tie« l^iav® 
ticfifl i n ^RMit '^^a incltt itff« 11^ f i na l a td^ct lo i of tli® 
S€&mm& iktm»& en psiisir ^ ie«4^c^ @laottt tb@ n^tasm of il)© 
cc^ex^nt &Rii i t s p^r£&i»ai»ee i» ^viciSB^fi^t* ds l j i t i f i ^ unc^r 
Urn £c44(?iii»9 l«i»ai iiro.parti' f i i i i ^ « i i i i i ^ wm% tm cocsiacir^^t 
mtlem. mm thixm^ cmmaMxmt 
4* hem^ ram 0t eoatie^stte^tr^ta intevii i l j^isitai i , 
i f mstm oi ^|tie<itieiQ to til© }^mm mici f• 
@t i«Qir tumtm 
mi ^ e m^B9i^Tf im^metm^ iaetoi^t 
i t 
fh» Hs&t imms km im^mmmmt <^ t^ mmimm f» to® 
£il® iemm mm &^m emmU^mmt &i tMm tills* 'Shm m^isma 
&mmt is ^ t : i t ^ ^ hi^ t ^ £^@i€i& tma chmiM^SL in&p r^tiafi- €»£ 
m^ixi§ hotrntm tkm mmimm^ She ©^^i^eii £aeti»r fl@|9i an 
imi»rtiiBt malm iM eomtiMQ t@eigiel,^ e^ « 
mststioit mm'Q ixmm tim tmMtiim^l piliit* M^ and <a@eltti»-
i ta t i i^ tlieott^ eli:d^€Ql. ^e§mm • t^p&sdLlsicii ^ ^m iasc« 
r^eiifi^f ^(v^iop^ ^|si.(3«i m vrnm/m mm^Uim wmiim^m ^^t@ 
^mUm* UmmmAmm^m^ m^ ^mwm. h^m mmmstrntkim* Bam 
Qt ttii^^ K&&mWL'x Mms&'msm isoelmi^ itfle hmm smtdbM &^m&ecAA. 
ata^tftt i^ i is t Qtimesi «r3 atiU ii^ ^ « rMoigi^ i ^ <tonrQic»ie^ t 
stags* co^iiiuti&e^ e£ vioElo^ iii i^ @¥e R«iyL€it«a emilidiii em^^ 
5 
fm Msj^ oyod toe Kaposi ami maltils^sftis oomstsK eoetiB^s* 
ai^ pw d^ii^  mum uio smp^smmtM* 
i«2#| *'*^^ ^^^fBtf^^^i This ia th<© i!»^t nidilsr ^^9& 
mmtLm&^ •''mih ewimtAtitm is mmmti^tilly m i^ioe^cal vepotir 
mpo^tUm pKQcmm in whiish esmgcnrntB asm m^m^iiSm& In a «««ort 
a«pOditad (Ai* cr« M die*); a haliatt tperf^ar (Cl« Br« Fd ana Z) 
mQ. in sxmm cmm m lnort <;^tti£t« flaa ci^ort i# ii^'tad tmd r^ 
iii4iirt or ra^ &KiLiig co^f^tieiiB IA iih# t«i»ara«^@ r i ^ « oi 7So^c 
to lOSOPc £or psdcrils M tlflia ttouaUy in eieaM oi one r«Diur* 
i^ alA^ alimtniaint as m ili«8aratlon# the aiii>eralU>y eoeiiioccsnts 
ara isaeioeaaa i s a tsi: tstra o£ £ii3taLy MvidsS penaeea o£ alupinV 
alii^l&ii^aLiialnup alloy oooti^ciiii ooRPPiiiaa o£ ^# Cr# :A1« B 
atei a small aPDuct o£ haliti« i s th@R acJdad In ocdor HD iVQivicift 
^aay paaaapa ^or voipour liiasa tnesri^rt o£ aluNUniun* iitaia ti-ta 
p&iM i^ 3et»£« to OKJ t^uriaca oi tba sfttbatratQ te !>• fcotaetadi* 
DetaUa o£ the vorlc i^^  s&aietifxm u^e^ occmr @ro oonj^etutrai^  
but ti)Q nost iisportmt stap isivc^vm tho foirsatlfln of en alwd&iuni 
^Qcohaliao gas« O i^eh ia tr«uip{»rtacl tc tii@ ciic^ eaL or cobalt baaa 
BVi^m alioy Qoaiiafioist* iMch cii aoooeipDaiticxi loevos a aurfaca 
Hapeait €»£ aliip«UiiuBi« ^t tha idb#vatoa toBi^^attt^a o£ padt 
caii^ KtatiGn pcocaaa tha iiloaiitiiiKt wmmt» wit^ atjixitrata to torn 
aasaritialiy cii^t^ or ecibelt i^ i»«Lni4ii» £h@ iso^lng damaitioii 
rata i s etmxi^mt an ttia piisccsa tttiparatitfaw tlea o£ cacpaatira 
0 
wieaeoatmmmtiot msmt^olQgg m^ over ell oonsKwiiicii dttpgna qn 
ttidMitBirttt i^Xoy* ^l^io&r ^«0 irihiyift tliat ttso tme0el&gi « ^ 
cciaiogitlcc e£ @itinlnia« fsoatlagi «iid the sitbs«q[ia«t eaDCX«»iiioB 
hd^avieim i& ciet<$miB«il te a Imm mi:tmt en iAi«fiii«r t^ )o 
fiic:i£i^ or eeiiclt iSiiimm mmnat&B to smt:^ %dtti tli« alusltiiinif 
or «ic^ vcsssa* i4th oar««&fi aliMiRialiig op«dr«tiiii«* a iat^tr 
(^ tim i r i t&la on^ low enAtleg piitit ^ « ^ j lti«ia« is !«oa»«d 
Mill tint ooeUfig r<ii^ i4r«0' Iteishar liaat taptataont iso ooey^ft 
yio QoaUiig tso aicdeail alwinidMi ^Ul^'^« B&etsma^Aft tba hoat 
traatPiHt ^ t^eaduila ia Mtm arraeead tso coiiicida vittt that 
^»o p^tocticfi td&ot^mA injt Unm^ ooatlAgs la I>aaa4 OB t h ^ r 
lAiiiit^ to &&m md wmlkml^ m»tmtlvm aealaa of al.i»liia» 
inbtia «li@ aiMilAiiiii acta m a raa^mo&jr for r « i t « 4 a i ^ 9 t ^ 
aoAa liiara ioaa m: Kachwiical. fw>t»ura o£ tiha i^miiia ak&iB 
OGteimi • i^ @tail€Mft d<iiicriri"1nfi of ttM ataetunijna ocscuuEXiAo 
em b9 £ouad ia iitoratora* 
m aaiNmtiai part of tha pa^NCffiisBtation piacaaa butt a 
<llstistctlon em ba i»aaa l ^ t Ifor can«itati€iii tha aetiiw ooatini 
vapours ar^ !^fi€^ Gt«iN3 ^ mmsUam (smemxim l«»i<S« tti^ wmmtt 
ictco<auc«ia as Q 9GS cc liquid litase Iroia a mmxm o u t s i t tbe 
Coating cshaplicKr. 'Hiafoal, ciacQeip»oiti<ai& oi a ¥elat l i« natiO. 
i^ xaiJOind at the tiet suidUtfCO o£ tba c<li&i«eidrit doiiioits teb^ motal 
ceatldg, flDd tiio spout jpcoaacts of tiia r^aetiLon sre «id)@9 t^wl 
£x)oia «|3« i^ii^»or. ioth saotals and ssiaiccmciiictetfw <s«i hm 
Gi^mltj^ ^ cvi)* CVD fal ls i&«Q &?iir geoupst i l ttiasmal 
dbcon^e^Ucie o»ii*« M»«Eil«@i9Utsl to peoaioi i^» i ^ ooatints 
o£ Siw ^ £t« Ml* i^ « ^ m<i ts e«s also bs themaaHy iSspositiidt 
l i l reSuct&oR of a tialias by iia results in tisixMiticfis o£ Os» iiii« 
K« V and rb ( i i i ) r(»astjUii o£ a halia« to fiivs a eal^raetoxir 
csoiapoimd o£ a aot^ l i l i ^ eaiMds or altcias or oidat of 
tltaK^t»« sBa iv) atspesporticBsticfi rsacticns Stg*« M.CI 
i i i4»9 M. ana i'aa.|* X» am* ixm^ i^m h&^mm tli# ooatluc 
materials «ia si&tstrats tak^s £4aos by Uitor diflnslixi procstts* 
CVB ca» £c«m lioth ^trcn^y biiid@a oo^itliiys or thick pooriy 
bonaoS aiurfaics ^lioti e:an bs ssiMratsil to yLirs i n s stst.i<liJRf 
abapss* CVD c«gi £oca wsar roaistsNl lay@ira end b i ^ tcstipisrsttsrs 
ft 
alactix)i4atJiiii ana esE^sPtattcii ppsoaasss for ssfttantial ^sposiw 
ticn oH metal oo©i;JJii^  bas bo^n ei^orsd ior soiis oonsicl^Sbls 
tieia* t ^ «iat si(|i i£ie«it edvibee in rscaot yssrs vss mu&A 
to^ tmi, tfb@ aro mscmMt^a^i uitki the flrat OmtAmm^mt ot m 
^ iac»aiti<3d alur^siriiae coating* aa^i»6tafi hsc^» '^im c^tbed 
ijmclvm tho oloc»eaap&0itloe Q& & thin lafor (upfee io^ups) 
th@ M ma i^ iiitiOgm,tm»am t^ith oac^ oUiae mA tUl^ tbs 
sutetxrattt aliosT* ^^ h^® ofi^cstivoiaasii c£ tti3»o laaetiiit Apptsm 
to cicipeiid oil tbo lr4.tifii elQBraix%«i»8 Q£ tb« mdtistrfito siir£«fi«, 
(»»4pL9<l mtl) tilts i^pi^i^ && tt3^ l«96l.&ia» fscitii d t ^ i ^ t aisd tlio 
1*2«* ia,lgy¥ fUBHUaia* ^Slcaasf tlJia l»vcs4vc« tfee loir 
tceti^ ieratttiQ si-ve^ d|)i4ic«tid£i o£ tl3« ooati&Q loi^ dor i^stiir© 
im a €cai!ipQii'#it &wtimm$ MiolimiM ^ & lictftt trfiMitiaiimt «u££i€£i€fit 
heiklCm cmsi&e» &sm «^^oy^ im tli# boat trafttsaont elia^bor to 
pea^^ vapcAir traimport «f tbo e^atlAf; oioptfitti to tho mmiacm 
C9t ttse GGR^ of&artt* sttis type o£ £C<}^MI hi» IMMP «i£&oyea im 
« i»[^f»a%l.el baoisi for aliK^iaislfiii tmrisdjoa cioiipni^Bts* fil^inrjr 
tae^i«|iio lias eucC33«£ialiy h^^mk m^gi for tte sdstiQratlGii o£ 
iiieri^isie €&&tiM\M ^m oiattfliiitic (MSl 303) m€i ttiXa ataois «• 
ri^^s^d in ti3€i v@ric^ tis dtf^ptoei oi thia theai^* $ ^ Uoorgaoie 
eQiiti»98 inditdii: i^f»|lti:t% tordt% oUicst^ dbeoi&etat ojctaa 
eefiaia« otc« rhe it^ai-Qflnie co^tio^ ai<tt^^£i« %tat9 missad t^tb 
a ^9BC3Dt or 0ttir£dc&aiit or mm Umik m c i t r ic aci<i« 11Q|# 
ijsi^ '^  ]JOCic acid 0^«) t£> p^snotd #i@ atir^fica dtfitaicti* 'i%a 
d 
aikali or msl& it«2iiiti€»s« 'Hie slurrsr t^ os <slt«D nsplivdi to t ^ 
•tiias'tratQ p&t^dal £tiLioif'3d b^ gtetartng at h i # 1^ epMemt;»ra0 
nmmte of th® coatia^* 
A slurry oDatifi^  4aaigD@tad uwrnm^ot l« Gois»ioile«ll|r WNdleiild 
^rcta^ i39e» ^imm em tsb4« pBoca8«« Isut it. ia MOPomUlvep i;j«irtly 
c^ ie w i±m mmcWi^ oootcioil r^gutr^S icor t^^aiiiig fiai«d • aalt 
tedbccilOfar* imdi idork iii tbie £i@ld i^ iMi |4«ti<Miciid in li*S«^ 
o^^ l^ injcs «go and tMs process e££«ii;» a imig(i« isatiio€ ice 
doicuiitiiig soae ^irn^ts fan tsha mtetratii • 
l«I«i H,ff|^ ^^^fiy|4fft mo6tsoplii>riiti6 a«|)o«i<;lcii C£lg« I) i s 
A ODating pepea@8 in liiKit) IH i^sly €^vim& FATUCICHI of oo&tiii© 
natdsiiia art mmpm^^A SM A li^{^d Oifllwteie m^QiWh aiHl 
fal^ ci«tt imaor t^ iMiivmm o€ in dlactrostAtie £i^d and 
10 
#t^«tftiwi el«l»f3^ £or tbi0 metliod indudtt ir«r^ l i i ^ jemtcii o€ 
attp(»aiUaiff Q«)24]ft3ci tdtii good cscsstcol i»£ t;hlcit<<WMif good 
**tbfieidiii^ £3Qir<3K* ior lrr®(p&iisaf stmpoa ccxa^ v^iNKitso* m^ i t s 
a£)S^ieiibtUit^'£cc Q vaci@«3r o£ @et£}i»l«|.s (tsotb netftliie ana 
ear«p|^^« it}« mtic^ jr ai@«av«eitai^ i s timt. maem oofttlngi «re 
eai i i^ dcemi^ on tian^iog* so a sa^orato bast tcnetraont iA 
iKMpirod &»r 3irit£3ri»9 « ^ dnsificatiixi* 
i*t«7 aadaBttHfegW MaiSffaUfflB' ^ ^ atpoaitioe oC eietaliic! 
ODetifi^s cm sylxitrcita ia ae^civaS b^ tli^ E^msl qnwEoratioa o£ o 
iiatal ooisecQ* ^oUcmsa b^ eoiia{!fi3«ti<3fi d£ th^ vaiioiBr on tso ttiO' 
caE;QS f^liit;« 'Ztia bsaic rvQtI'jpas of mB£t>r8tJ^m are e^i0tane«i 
tiofttingy using ijoat c^ l!iiQ@@r2fa»rf c^nanseo^  m^ ^^ctmm baata 
msdws^tM 9ti&vm for avPMiting tli« c^ariny tyiii l4cxia«^ oo^^tists 
€» tsiicl^o ccs^ iJOK^ iqBts ii6i» dLdctftaciMlKkHi €nrapi»ratl«e^'^« la tJMi 
l«oo€ii>B (£i«« ilsa Is^ cMJM eed venoe i4th suitalaiy oloitiad siar£aeo9 
mri3 msKtkt&l in wi^« iiiisart^ Hi^ cc^  a io€id iooib SDteti»|i 3h&£tt 
m<i tbm mivm tiisou^ a vaeuuei iocd& into a iMahaatlac poaitioe 
in Mi@ eifi|& cl^ iQliQr* i^t&e mstitsmtiMg th<a^  ar« laalttaiag 
dlx«3ie«iif QV«@r tli@ miltaa coel oi cxxititig a^tai:ial# i^»l^ is 
iiooaooad by iii^tov64t«gi» €^ictarc»Hl3e>cii boatia^* i:tiay ara tbon 
xotat^ in tba mgmst eloa^ at n oiavataa taaparvtiina i ^ 
11 
oeatiBfr* '^^ txm^emmm are i^bm «itiidreMi# €CMsi.QA in vnetasB 
md gm(ivw& fjrom the aq^PB«ii&* 
also l>« dinacitoa as aputtaeiiig ion iSatsiiig pecmmm m& optaaemm 
gtiyslesSL or c^oplcia i s ii«lsi»E» md c i i i to^ gav d^ UKS^ iar^ do to 
iriypoiir i»3f 8pittt{«riji§ cod ^ cmem ^icNlcci, roaeticKw vaacsi^ srt 
tilt vipstir spociao in oraer to im«&m mpaolt aOhm^m end 
In the siia^d aputtoxiag peocass* inddrt icant tG^ maU^ r 
argem) £X«3RI a 0,mmm {^eml di^siiarga in a low pmaiKra <!i^ wft>ar 
arc» aieoalfirataa isidar a h i ^ vc4.t cm® t» a aiariaea of targat 
(eatlioai} iBa<a« up of tim aliosf feet t>e coato^ immB^tam intact* 
eh^ga in ^m mtrfaca atnici X&:^ om o£ tlio tirgot* t^ava tlj* 
Hif^ifty; (§110X12^  ia Xtt^ttuttt owM^Mn fiiKMbtsiicin^ o£ (gtQMa i;^ atecct 
clustoea o£ tim om^tind eusit^cii^ aoee o£ iiliieii jsaaf 2>a icsniaad 
(£i9* ! • o), th^ft ar« daiioai&ad on tlia matetimta «o iso isoatoO* 
ofHi^ancir* #<^  ach«au« cmUii^ o£ t ^ PDoeasS''i3aoexibQa in ' 
11 
a^ 1*0* lyittDx tiaa Ikmm iHemaaxing ^odein^ «il aoft vmsmm 
irupQur aa^oaition £«DOO^« Vor/ <«c€fi«|.^ # Bmatt mt ai * ' 
isMKl ion»i&i4antaticfi toclmiqiaa in atnd^inii tJtm tii^s tMisaratiise 
oidcSatiGii atuaias* nx»y pec»4toX90<l icn i6i£iait;aA eoating o£ ir« ca 
12 
Mf /4t itU t l md cs cm tltaniiBi* 3i£«so«ni«ni i&ms^Wi, imm, 
i&iiisiitoa coatlnyi OS wm^cr alley in^ t#sip^Qi»r«i rip^i ^00 • 
%AmKmm tfoa settlaB ^stmoA oe ts^ umioataa m&tt^ mm mwmm in 
satmrd t^mrn^ tkm ooetoS and tasooataS tUl&ga tn^Htod simiLQr 
l*i«9 a « i aiKtlY ,„1iiQffit 
IS 
nwifll^eiit cseetieuB ix^ i» ca&iiaod %so ofCor soem wsmm advwitiigaa 
tm ^nB^fmrntltm in « Using dtombor of eciaaiiciiil ^pumtitids c i 
at3e.t€B « tiet hif^ t^ spooa 9«t staasi i^ hldb bants tbe portiel^ dtt 
t£> a jlasUe stats (i^aatiis |«eiimr«l@s tat& aov^eitoa In tito 
pfsrtslcias) sn^ ac€^<^ti«sa t^ce at s impecsonie i^ OGit^ ^ fxixa 
tfw gts) hmae^m itto ii#@r' ne4ts» p^fftlelnis imsiMm «SR tto 
sisrf sicas e»i Um maih gioe^ m^ geiommm m m^mi&im mm^m^ctl 
bmi&* ^ithcm^f m in otibm t^ eftaov^ prny i«c}p«s3<is« teflB^poratauns 
13 
tai^ p^eit»»ft remiss coGi.p@jrativ^ |r 2,<Mr m MmiMem s^^ iMrti^ an 
Flmm oirayijig i s oot ivi^oyad a« a laa i^oa itm- diSiMiiUiit 
oadd@t4<m fica cxiorosiloii etaJUtunt coatings tso ttaetiiCMi coter 
lA&im^ hmm^ &i its limlt»ti^m9-^ m lae^ viciUig ^Mt^mm& 
ooDt^ n^ * Mirfucci, i ix4i^ IXMSeiiity md aa^asien* 
£&r c^nrosi^a r«i@i&taDico pirii>#<3e# iiiMi^at% oidd«» siiieetii 
c^ hsi3£iatii m^A boratu coatm-^i h»fr« li^ wa idtta a«&tiM« ior 
&pJ4c:atictis in Jio@3 msfifm^ eowmi^vm m^rtwmm^ m^ «t 
ividi^at» t«RpQrct»r@»# C^  tlux oisbof hma$ al«Kliiiai^boeia»^ 
siiidaiif eiKcMda a s^ sitxias mmtSMm b«r« IMMVI l^ea satisfaifr* 
tcrv Qt tii#i ta8|i@rmt»»» AIKS I21 x^a«iv«i3r IKM^ •^ fvtmi mtsmiv 
IM t ^ i««)c^ eKlii^ 9 p&gm « otiticel wanmy ^f tiki vmeimm 
f^m #£ UkOTfaoic coatings i s 0.vsn* '£ti9 mtsirat ii^iu^las 
iBtpert^t vGtk etffxi^ tmt ^mi&^ ^& imt Um«m lta(C«as«* 1 ^ 
o£ &mtiBtm* SKaeH^ MLsn of ti3@ ^ommtlmk ot a&mtimm «i^ th^ tixr 
14 
laa ma^U^lii mmtti^m^ ^^ «»a*^  wi^iy mmA sua boat 
sicfi jr^ist«Kt# iMc^ tr at ifitio<iue«id intss o«r«ics8 in t}i« iaixi 
l$SO*0« i» hm<st& cm i^vmistim amgwmm* '&imm mmtimm tusvB 
horn umaf& m IH^ md oo ti«M mmt •Uofs tibasv mcilssl sad 
«c» offoctivi eft oDOartttt ^ampmmtaaem ei^/eae UNMCA the «tivlxcii» 
ffi^ts i s »o% too sifvoffQ* 2» o^e>9 9«vwr« c^ h i ^ y eocvosivie 
iicivlit»eKicts« «m££u»i«fi o&aticgs hmmid on tlid «Mltieii o£ Gdiltt 
£2@tiil (^^ ^ ) ISO stlii^aiiatt* 0»9«# nolaift @ais^  «u c^li€Mi 
^UBtlt^ae ooatittgB ba^o IMMP tisid f» ixofeact suFat ali i^ 
casniois^ta (sia^ o£ iH 7f a« It^  1M m& m ^09) In fim 'm% amtitm 
^Jnm^ exmgtmmm ^dll to9 ^^m^mUa^ in a M^t *'««l£i^t&ii^^ 
^i4.£)Qiii>iis%* i^ ar^ Ali: i% <^3£a H m F % QO« or I t i t>a§i«} ooetlacji 
tmvm @l«o l>@aii ^mi<^«a tx? s€o&m& m ^tmiam c^ tflisiaial.^ aeal® 
iC 
nmmfilQag dt el* rQiiirt£^ tli« ir i^anMlcsfi o£ 3 hot 
coaDoaiofi r^aoi^t^t MiKdMOo ooatl&c^  ^itlaia tlia hoei&9a o£ 
tuirtai&a l3iai3aa at ^smmBiUsm tm&pm^^mm SllXXlPc* xt^^ hmm 
0,vm spixsliil e^ phaMa to optlialsetieii o£ tlie i:aBMP«ii"ettmi 
i:«t^ £iia ic th@ ttiiaiil&r deixisitioc c;a@etor to oS^ talJ} a imifcaii 
a^a a:«apciai.tic« ^ic uem mm^timm <m ^^ taapoaition rata end 
15 
tmi€cic®lt^ &i tha coatings* c^JRaEi m& h^m^' vmptatt&ek tNi 
i;o03atia» o£ eHmdsiivm fiitt o£ %jm tiileima^ esi cr • Ho «iir 
craft fltoitUi* t ^ # ci«pDjKLtiae r@t«B imra &dtiimmA hf aE^oyi&ii 
i^«<:% 0£ t«i|iQra«tfird en tkm st^m&Rt twop&mjm o£ t t^ film 
i#^ rwi^ Utt. ei^ (3 iimx^ ^em mw&emA e&swoi^'m wmaiMtmt 
17^  afcllustsicet o£ tl)^ r@c&i«o«SAl actlvitiod of M ei^ cl 10. ia th« 
xaactiva xi.<|iii.a y^ujratoa ^ltcii»^ fiuniee* ^«inei«ft %?it& b«lciec@a 
ODQtiitg it^sas & tliifi adibasiiit pte&'taetlv« seol^ on $3»^meiL 6m 
mthic ttm £l£9t is^ h o£ cyclie c4r @icpooi»a «it UOO « Tim 
GcmUng id <S»gEiiid«ifi olthar lyy tiitt ie«8 o£ #U &x marid^mmt lis 
Mi or F@ by iiiteaK«Si£lliiiii€» idth in® siiNHjrftM* flw y«§iii4* A 
transiioaiiai^icsi pctx^iet of j3 tHH., i:«tal»8 #ieiy#i s i i» •ot.ii* 
tion to iiaiiit«4» mi^mi^»& mvdomiim leUidties* i t e Qe«tiA9 
hem p^c^icutieQ tfiipys:l^r ^ tliat ef comaeii alv^Uii^ fix>&ti&9i 
ai^ la l««3Bi®iB|> i&x- iiae in gm^ lAn^ bin^ * 
16 
mastelm m^ ^ i o f s vith 0m^tmsge m^d CM: »c4ii^i«iui ef 
geopoctlm o i pbM j^ibaiaa oe«tl&<p m^md em the sw;e«3« i«a$«r»-
£bos|3iiat« oocticyei i^ r^^Uy Japemw tim adboBloii <»£ pallets cm 
imtekm ana Ctttaed ftti* s«e«am o€ iwcciesiflii «iMi@r t i^ iiolfit fUm* 
i ^ ^ in tiMBeia rogl€iisiili9r9 t ^ p&iMt Um horn ^mmguA* ttmrn 
aeeolcHr&tiiig shcmslimtimg m& i i i ) oc%ia pi)oo|]^tiii9t semm <»£ th« 
Ciiior feipo e£ £ibc^ il}46<i isoatini* leor^ wgritlonifi^ «c« thoa« o£ 
i ^ and a ^ j at 6oo<MI$o®€t ^bnmiaiQB oeatli ioi^ £c»r ai hKWi 
baoD prai«c«dl t»ir tieiii^ ssi* cr a ^ m £lie»|ibat«a« in t^ iaaa 
17 
ooetisiip Urn oe^BteSiiiMm ied masmj^bomn 00aiMmm me^ pr«i8«fit 
ana ortoiH^* ^^  ^^EC^* MC&fH *^ 3 1 ^ rmpaetivvlt* th&m eeatlRQi 
ftr« aii i t iMe for tkm ccnstnarticm ef ccntalnara mA ti^ftieaticus 
Ml 
ir< em0i^mim& ia^uatry* ZucMr^ snic pttims ooeiapiiitsti—*^ Jbas^S 
en motaliic oidldMi* %^ at;or s64iM« sUUsmtm ima i3c&y^M^0t:€Mi 
hev9 t^^m ivi3:>£yr^ l»3f htntinf «»iiaMi ^)S l^ f«ai:tdiit' e£ l&t li9» #4f 
2r# 2i atui ca t4th aUietttoB o i ^«i K, and/or iL4 £c4JUi«odt bgf 
ha@^ t irosiistiiiit M^ i^l h l | ^ apMMl ^^s £i4^ c«Mdat«3t |iies|ttet« 
Al (OH) I 3* | i^ ma & AL |tio»fliat:e Mnaor. A cxicsotisii fasistaitt 
30 
geciap XI A or 111 "^^  i^stftl iN|«Gli>}« 
Bi»9l. ar^ 4 1'^  liilJlMi^ smmUy JNipBrtad « t^io Btmga 
18 
OR^  sucfaicd 02datt ^liil. also b@ ais«e4ir^ 
mi 
i£«c4til:i« tMTtlarf pbetti^tat 
aUtilllD^ igri I I iiiiiil' IS«ji^^) 4 H^^^ 
f!)e Bt»e phM ^ato in sciitUoti is IwiiaviBg m m t^sA/a&k duociic 
intaiMtor by larscii^tstiiac itaoiS as oisod eifie^ioR ph^^ato 
»% thtt l i^aie «itso« iJtiiiOFfit 4ar|»t«l.iin@ ceoatis^ €>£ ^an^inaMi 
isoB £3liCNi|-li«t(i0 aro dapMitsd at t ^ eetiioao t i t a <^ Aa to tlia 
i^ .Mi9tt e^ ^^ ftt ^ ^ p#ti l acilmti<aii i»t^rfaea* iSm authoss 
pvopoaad that t te ai£l ieal t iat ixi ooetsoiiiee ttia aiea m6. 
{liBtributicsn of & a csryataliiiui eeatiag* can boiMnp@3r* ba ovafh* 
CX3MI by tha tiaa of ^ t-9%mm iftiMii^tiimi ivoGa«s# imiialy* ^ 
tati€ii &£ a sine phoa^bsta eeati»@ ^M%^ mUl daiiMiit an tJtm 
V3 
ateril* i^tiiii vUl ioav« amuic ragioe* tmoam. isf tim 
itiODia|l.cst8 imim&sy coat* &ieEsoii«ftt ge&tantism eovld b& prc>« 
vidoS ISO «hQ «^r£xn}a metal in tblii mmmm^m Vbm t»&fi&£L ap&tdmma ^ 
Ua^ tom» atDirsd for a j^ dar nitlii^t imy vi^iMe «i| | i <i£ e«»nEO«lcfi« 
mtAXeM.a tm iiixic«tta o&Atia s^i* Sli® bmle Gomtltomt i s flfi 
Allytli or tikmkiMe ometib tMlmttm* '£^ mllicmtm ^>atioc«i eiw 
•u i t6^« £or «iii[^l&ii» or a«oadL tfi4 pf@x9id«i aiiG^iaet hi^h 
tiPP@ratiire €Grso»i.cii r^aiotan^ca i s air« K^ B it»l ciat^ioaie 
ivDt^eMoB D£ uedi^ rgrotatd nataft &tgu€Wem • A raiL@Uvaly 
redact ea£liti.a» im ai l icata eiNitifi^ ga ia ^@ intcoaacticn o£ 
ooeicilax ailieatoe &f th« Qlasa f^miaeaiUeiia * %P6V ana 
ocetpeaiUona^ m^&^Ommm^^^mm^^^i&Am %i iiharo Jiar^ f^  ia cae, 
3«iD* caiQ, »)D, aaD» sm, cai&'« i^o^, c€&^« xiso^* ^ ^ r ^^a^^a 
oo&« lijyE# end {^ »c#2» fha t^i^xxiaa of tbe ooatlAf vaciaa £««ei 
% te loo u* fiM &moi»m» %mm hmma m air i^ deo^c ma i t 
was iioim& tliat fieari^r aLi tlio m^tlBiti^s^ gmtmtm& iron ai^ainat 
osdAaticaii at var:^ i&{^  flaMraoa* '13^ s9K€Fei€3» naa %^ ao^^iia 
£»c^cDsilieat® glaota o&atijag ttiiio^ ra i t^^ l^ aooncio a^mr^tiga mth 
iroR mekmm th.3r@|}^  icictsiiif i ta i«otaotiva pco.-<@rti@6* xt^ 
ZQ 
lim «i^ 3e6retQ taatdx opctMiis «iNiafa<ift partl^o«« t i^di air^ 
Mm 
icusid sttit£)i4Q ior 96* taift^iiii parts* ivflusueati et «l * hma 
impMraa a £|jra isrejof* beat smiutjmt m^ vilsraticii a^cijpftiig 
a i i i icata eeaticg £e^ atati alicEiig toaaraa« zno«Be&ie o»atl&r^ 
Q(£ iiNeajImtfiif Jsmenti^ ai i ieatu ofse* am £ciii;|u@nUv vtomA aa 
iuorijei^c ijQliii4to^ am. aaesili^iO. «»attii9a lap jvofvoct tlm 
saeviett cctcm^daci eausad la^  < ^ atra^' caurrant8« ^ffs^raDeoa iii 
stjraaa ^mm^i atmetura aid tiaa ^Mai^ancaa in aoU cci^dltlcaa* 
stia laeehanlsia IK^ JT t ^ oNt^atieii o£ ixte taid« a tblB l€^ar o£ 
ai l icata iii&t Us dLs* ia JNAiavai to ieimlira tha ie41fi«^JH^ atai^aat 
diiiftaaian o£ Gs^ g^ai^  i^bemt^ tha aeti@al 1 ^ ^ * i t a ^Kadeal 
Ust^raeUcfi tdth ixtm am Alaacslutloii oi. ietturwstlGii peoducfea iti 
t l ^ ec^atiOi* 
I*i«4 J2g^ ESSSJSEIS^ MU2IH* aitrpirlMfs.Uy# rnXf a l>iEtf>tad a^oiast of 
%»ar^  liaa beaB carried cmt on lior@t4s fsaatisfa* Oaat^ Higa o£ 
or«l»lx»l« «id«3'«« « , high cwlty ix^mcmecM*^ <mrm^ 
the o«ltli3ti€i3 r<&tQ in tmswn^ imtJimm TlPO^ C ana tiOO^c* f'^ iao m 
contact teith tha haatad icon aurfaea# ^la BjQ. pan^ aar i ^ t a fl»d 
aissoivaa m^ r^sai^ial car vafionnad aeal«« i t haa bain gmmsMA 
thet tNi mcngm aiaaoliN» in tha aal t and ia traaaioct^ t«» tha 
inc t^^ iiroi^  intariaco* At ttia i&tar£ae«* wstLuticn o£ icisn €isd 
21 
2«S*S fiftaill,#i .figsllBiat* Kxtii&iiivtt mmmt o£ »ccfc hm tmm 
roport^ C9» eai^ii^ coa%l»Q»^ ^^ **^ ^ dadUn^  the JLi»t t»}o Has^namm 
ciicl}i.<39 ci»etia9ii h«ra «t od^ ft cuv^ sr © l^er c&atlato <li» to ttmir 
vm& oxi<Satiai rasistaiu^ ;,icoii»n^€i9« sia.iec» ea£lai^» Ib^ pcm 
is^d»l.^ OMl tbtt tx-«i«Lti«o la^ tfldl r«iic«et^^ Gai^ xla«s hmm ham 
ugt&A em &mU»g cmtari^s, tlm ^t^mtmmtl mSxmmm i» the 
in cK^emf^'m m^xmmmmm '^m tmoz tsomfmim^ nottiedi ^ 
ai££u8iii@ csxbfm sl^mtmrns^mlTim mo^ikex m^ntoa ocjnsifsts o£ 
{sijsicci osdd* oi ratals i4tfa er^sMtft aod M jMiacir a^ d i ^ t l u t 
the pmrntit i% « aruelia# eciitciiiSB^ ^s^el «tii«ti ha* iso IMI 
QsUi^  ai^ «3d c^ ii^  in iiidaieeA h&m of Aij>jt Ui^ ^ er fli^ ^* 
Haat r^ciatwtt -«sootiii$ Gi eh£<6id.iiii eaaeMdft^  en •tool. Ims biMe 
QbtaiiioiS by n i^n^ a 6dactasr« o£ Iflftr alHali iimeo aWLemta ^ mm 
mA ^igceAvm G&i^^m ifindar. ^& ocmtiiig ops^ reUofi mm G&mad 
cmt in a» «mm0imm of uppn ara^  «Me)ai««i of tii« r^amltinci 
eoaUcfi VM o«i£»Q»26 en* fti@ raeo 4Q«aa9iiiiim «t«p in «lio 
22 
coatinti i s iJm intoiriiBticifi &i ^m sU&e&tsa ^ttm ttitsli esdm 
UXxm &R casliido gc&ism* 1 ^ c«rM^ ^atns i»%«ractaa ttit^ 
Midtcirs e£ i^ m;sKiiii» e«eMi3tt ara £{^ :@®a nm ^m msttmm of t ^ 
stail^* itiQ e€aEl3d(^  coating ahoi^^ good umimifiKi md iwotmstlim 
iHiMfist; 1^^ ump^maxm eorastflciii* ti««iiun easM^s was 
troat3E:isBt in <^  i^ ^^ siiit eoiit«Usiiig tSm i;;Q0piacti.ire «l«pinfe* 
l^ frns for ¥«A0dlvia e^^dtt eeatiee* e <ariaelb|,ii eisiitaiiUUic . 
Mi^ B^ O^  «Ki8 foiAtod t& 910 «• tS6^c« fisnRBivifiadiiiii mm tiM&& md 
a ta»t pioee o£ stoo^ v«s IJKI@C»«S ia ^ 0 la^lt and £in«Il.y 
thielmaaa i)ava bo^ oiitaiftadi at fSo-»lb^0^c on titi^  «KtQCSiiiyk 
mirioca e£ tha al4o^ atMi i2&# ^* «G^  flna ui i^ . (tU'^^j^ 
tiaa i<2Qf%ti£iod *M ti>e ativfac^ atiti tr«iaitic«ial i a ^ r ooi^ priaaa 
o£ ( ofy> TiQ -f FajC ) • '2bQ aciaUii9 hoa good oaaxmktm roaiatenca 
tf^a tiem mme gmiatmam 'pmimnitm* uc eoatinf ia oo^ ncseJl^  
ai4&iofi t» iscic bm^ alio:^ a^tMMl} iia^ in nw^ i» &t&m tc? 
flip l a Iliai»ltil4# i& 9mA ^mt&p up to *^^ C« 
9 3 
beriae €x>atiiig IB to eiari^ out ^m p la t ics «oocctdiS29 to tlM» 
rasrc3J30cai end ^^^Pj ^ i ^ atdit iGii o£ el luyi i eiotal Sluocidtt m 
t6£@8 e boird o&stinf of ehroaitia lioxias cc airaai iai ««il9iaft« 
1110 pcopartlos oi' boria« o o t t i t i ^ ^ * iw ti, zr, l^« K @»^  TA 
fOEs Of i lBj^, sre« mtiB^, m^n, ^fy$ ^^ a^^ H|% iwipaet iv^y« 
i:i)Q e^aor o£ tho ct io tor t ix l l i t^ G£ tl3« i^ificsoo hmldm ODatiiKp 
ro»i@t«itt ODaU&^s ^f* iv&t^oUea agcUuit t i i ( ^ tciiip«rfitlir« 
24 
aismy r^ ^aer oixtai£% i t ceiiaisti of i^ t3JloB<ir«fci» c£ e siafcal 
ijQiOi ®t Immt mm msl<^tM £sm the gnmp eomiMtijnq m 
disiiieiaaB ©^  m* sr, ««# v. la^ fa, cr, m^ u, m, oo, B eud 
ti^» thm Mlicic^ agiiilcfiiarati^  art p^ baa up o£ £iiia i^ertidos o£ 
txwMiiUcMB m^isl siiiel^M i»y tsiia •tutle mm Umt iiyccilyBis 
|li»(o&}g (MH^J 6t ?7:^ K in ft ^oi» @yd&«a r « s ^ ^ in « ^ 
iocsmtiisri e£ CNi tr«fi«i«sleii m&^M, siJlieiclofi QoMfi • Fosi.^ * « ^ 
mi^ • ^%^l r@0jpaetivaly» atatic s^ rn^ i^ ikid o£fitiicc»}^(siiiJp 
#if«0 mlY oaeritsQiw vcyliai coaoetft* trtiKlh «oittiiii* in iwHitioii 
tsD moui. flRd aiiieoe, m^viemiitlBlm <|ii0Kititi«a t^ Ct U, &m &• 
TUe aitxia© QOi;iting8 poi;3»©@» «w80ll«mt atll^ @ioii# aa^ 
25 
hi||) tetmmmtsmm corvonicti riaoistm&ce imQi?mtti&&m Ml* i s 
tb0 vraiicd. &ltciai&i agaibt «Bd i s adniitdd fith tha v^ pontrs o£ 
Estill iidli(2« «id p©3>siia ev€0r ISIMS msta&tsmtQ to nive e fin® 
nitriao ca&aOcg* iDtis « tititiiiiet AittldQ eoitti&9 haa ]9^ QII 
jriEi{,« o£ too « ti 
ratseticn ^e&«l* 
ii Saso^c in a ai«eid« eoato^ staai ctr in a ^parts 
6s 
a«B«iitly £'iEii «^Qtiae has tmm vmm& in nueiefir xvactAr 
£or sicotacticis o^iimt r«}it«n il$ or Hi * Bi md % m m, » m 
ooola»it^OQcn»ioii* iti«i innwr taotaUic awfaoa (atuUliaosa at:^ *!) 
o£ tho r^ aela&r eoalant aystetm \ma eoot&A «>lth a t Jiit £:sti i a v ^ 
J^ ' iiaaor©i€» i» a ^altitioc o£ o»|$4 ^ in noltcgi % or 1^» ©Uoya 
at 8 ^ « iOOO^ c £c4r 24 h. m^ ^ ^m ^cmm o&S. ioaving a iMn 
film o£ m^i m UiQ iimax' %mi oi ti3.# roector* l£ thia osat^ 
t^ ali wmm into litjii oontacfe ^ th as er il> • M or ni>« Bi • sn 
i^taetiiae at @00 » GSQ^ c no mmoBXem oisour^  ausifit^  4 vae^ 
hoating* 
da 
'£ho ooat^c, o£ mr' on cii« M» iSt t^ laeitala in<a a&aala 
haivo ^an a«iPo«itai by a a i i^a nethiMt* ilio n i t r i c £iiii» o£ 
Q^^jm ti^danaae liara £la£«iaii:adi by uaiog hitii iiwiiianc!^ heating 
in ti^  fit 4^^c ei^ ci &,o3 torr* z*a« spaetroaoopir ana 3b<»ra:^  
aiflracticn tadmiotsaa- vmm nm& to c^araetatiai tiia -iUM 
OQisa|iatel3iiit^  twip^atiire^ ^liich iiUlmm tha orOon ^ 'Sat«ai^ 
110 \ oo \ v» itio €Klkaeion o€ Oi ooatin^ «<» supatior to tiboao 
do 
o£ mjo^ asa ^^J>m coMtingBm m coating urn foaaa suitiiaitt 
as a dlffiadloii barrier iA £ilire mix^^ofe&d eotias* 
<'%«d. msliit^t oe '^^ ieg oi m tm stoMl has bo^i mvortM., 
i«i«ak3rod Ailie«# /4( %^ )^# /IMBQSIII and »ator* Hie ^^p^rsicn 
«i@ csoatoa en a ataal stiMttt ^^od in iiix ft^ s- a h SoUtm^A bf 
m niR. bo&ifi^  at 3QO^C to elvw a o«oS foBi adMra&t £U0. 
a«3*» tt4mmiliW»li ,„fiBSttliyi* ^ ^^99 nmbar oi fcaf« 
raaiat«it a»atii^ «« hmm hmm 0mtA^p»i £«r nwi e^fl^ iMi m0xmm 
d^tm fSsat^ LSH^  vora toataii m^ dk^  pwiitiiffMinf> sMMlliat^ iil cxMS^tictis 
%^ )l<sh ccmaists of axi»aisra of nm eootaa aiiG$s ilk ari oiraA i^ ur 
306 fe at tha »aiciB«ai taRfaratmra iS4o or $So^0 ana t«i tm&pm* 
rstara cydai £i«oci £OQR tmmse^sar^ to tha maiAwiw aarvlca 
tsetii^atitra* ua tha b^ MLa e£ th^ iaa statie d^p afaraatiing tasta* 
tha ^AlmdJBi^ csoatitii^ a tii^« i»aaB xm3iomim&a& m imxatm mt&e^ 
raaiatwt ecMiting ^t^?iiAat IIQ ^j^s ' ^^ *4 (mmtt^e&Si, cm 
rni^ graphita (fuaaia)^ ** 
iiotajiiaa mai txmogH&su** hava fabsleataa basEon stioaphliSa 
eoati&9a cm r^ si^ K^Jaiitts l»¥ CVD pcoeaaa* l^^ sy h«9a at-mHadi 
^ipaait atmetuira* m$mdbmtmmm md^mAm mm^tmm ana %<^P 
retie* flia stxuetura «f tlia ooatiit^ e€i»aiat«a &i tMa JLesraiv 
£^ ' is^ JHio^  UO nt^  io&m^ le tile fleat 5 mm mmtim Umtm 
Mtar tl3la tha B& layor £oQaad at a rata tbat variad iinaasly 
27 
literaturtt caiatin^ to th» Gid^ticn «^ oDnroaioi 2>elt«nriotir &£ 
GotttaS metals or aiiojp. 
731 
m OMi#itlc<i study hM b®(m e«pert3d eci«i«tiiif; oi 
kiiiotics ia@asi»r«p@Dtfi oNl B4c9»Q«iaQ£&e t»VMtl9etS.<3»s eci c» «ia 
tia% V8S eacrieid m»^ at 600« TOO «na TSO^ c I D air* xticr 
«fK.peria9i^ t^  roma.t« m^m §fm^ ta im im o^od »&m9»mt ^im 
tim G^m&m^M v^wm hmM mem m th^ &ry a«v«l®|iad &>r h i # 
tflBiporatiueit eaa coero^cfi o£ petals o^Bci&th eoaMligi* 
alioya nas ewcxiod out lii fnacnai^  air m^a in hl#) velocity 
Goa^fimUmi §m m^eaommta at 2K)0 • 2lciQ^ F« e|«aiie fra^pia -^
eifMi variiMl £«» l*ao^ in i^ s»«CM taeta* m alt tmeo^wm 
aagradatien Is^ciiiaaa tiia pfotaetiva /^|p« tme^m ap&ladi auriiid 
oooll&g* &pcilXif3>€ doi&atad tho ooatltig o l Al f»d pe«sitt«d 
loaa i«otaetivo osdaa to ttmrn in h i |^ velocity tasts* 0&atlR9 
i i £a daoraaa^^ £SD@ SQOII at |906®F to lim at 3|Q&^» 
28 
i s to «0eploro the £«a«ll4iitgr o£ d«ViAi»|:4&9 aono ^^ w m^-Unm 
for stoi&a whioli t^ 'Uld s^em batter oontsoicii roslotaiMsa Piftoc^ 
mmm ^m tli@ im^mfettd e%«ila* 
nm im^rc^nie c!oatiiia» aBipil.0yaa ia titm «oc)c ii^tadft 
pliosiiiiit% siiiccita* beretdi €9dat# ei^ cottiitir aid i»»lxy!»» Hio 
eorrosi^ cii ludia^ottr o£ tlio eaontaiS atoiils lias ba«i inv^tiQotad 
in twrnemm o& acids at misimt tmmtetmmmi* Thm oosvosicn 
potential md i^tmtiiomt&tltt polairiiftticii t9£:iniipQ«f iiiiiv« horn 
looQatisiiis tl^ oorsooioB rat^« i^  d«t«Uod m»Ksiiolm^ a£ tti* 
eoccoawft alXeys hast kmm ewrriod out. ttsiiif opfslctX w^^&emeogtjff 
acwRiag «l.oetiQi» stiicuE<oi«»$y m€k i^ir^ diiifimetioA inal^ais* 
Hid imxk ^ mexiboA $M tkiia thcisls hm hmm pemmtmd^ in 
tha £ocia ef 7 eliaptorst 
ctiAPfeMT 2 mmmm fkmmwl mtmmtetlkm, tihiGli i^ntains 
iit i^riilsiirQ wmimit muMmq wmt^nt&^g P^@8 «niA I4fi#i ci£ eo«ti&9i» 
29 
vie«« ptioopliatctf eiiieateo» tmxtmm, C^^K* t^mmmm osd <mcliii<^ « 
it)i3 i s i/oximiQC by th@ dstdlod dm f^fiptlGnii o£ oKpsftooetJa. 
eoatiiS attmk in adcia ond a i l ^ i » i t «alii.«»t taiipar<i«»»» hae 
boon iiua^siid n^ th« f^ atfuits «£ llNi oDSVGwifiii i^ot«atial anil 
jpDtltteiiaticxi bokimiGvap <»£ tii@ eottt«g staai laoioii |)ot«itio«tiitie 
tii^ «i^ PMi sro pemmti9&0 ' Hie eliftist^ r IV ds^orilxM t ^ x^ Muitft 
o£ h i ^ t«ip«rft^»r9 oiek^tlcm Mmotlmt stu^«s o£ epstad iStS^S 
car t rii sfeMl.* aJa<ii»iM»^ 3f ttiO' hut «imr»dsiim iKftimfiaar o£ 
ooiitsd aostiinitii: U8t0«S Oril^ aUbsA in ionic salt mvirtt^ 
mmtm hos bogB aiscitss^ilt in c&aptor V« as d^teptcsr vx h i ^ 
tflpparotux® oiddatiGO cud hot eccioaioii boiianrioQr o£ laorato 
c^ unseiQtQ end CDXI^^ eoaftsa piia at&A horn li&m M^€xUm&m 
rinali:^ i s etiaptor VI2« l ^ etaeiar^ e€ the Msck and dikd sti^gs»» 
tSmm M^T tho £titiar« tio^ are ^v«t« 

30 
amfirm^ xx 
if»;r^ MRi€ icotestiim ^mi^ JUi^  m^ imti imm aU#a^ it^l&f 
ixmmti^i^mm* mm^sMm 'om^m^'m m&^Umm fi'sm ^mey iNueina 
l&f€0t »lietul€ alsK^  b^@ ii#pii»pelii«i» mecsliaiiic^ imoi^ ^wtif® mA 
mtm&eii& maLmMmi €»f AppeDpetft^  tm^mg^lo0i0mSk Qm&kU.fmm*. 
meMm P^P&eU'm mm imw^f ^mti^mt em tim is^imd 
31 
coatiii{j« on iDdtal anci «LI»«)>y efyorfiKsee «ui^  Jb«» <iUitlii|jiiiaiMia inie 
iiiteiaa»« itiosilili^a ate, 
3« Commie m^ ^mm eo&tia^ii ciiiei^aii boratos^ 
osdcicw €ft»« 
4* t^ 3l3l.Q ma^Mst in oparet^maL asmsitlGnt iess^g no 
omsmmm t4tti tlio ss^Mssivii &t&^iii9»i conpsiktfitsi Mi« t* 
cm the motal. IMT eliey s«rfacos act «i i»pfc^ ctuliMi fUaoi. ittUe 
the cse^ ttUigt o£ tl^ o oisliar t^ P€» nioe^wicaiUy fr«v^t « ^Ijr^ct 
B€^ k^ « #vii3.9 the l^et^X« ei pmrnttsbiMi of va«ic^a 
t^pot M eiMitl&v^ i i t i i nsridailiae to ^Q&eiis the t@diisiqa«« 
32 
m^m^ U^emi aaly siursy ana ^ItmUm toc^miiioes «tce Smaa^ 
s^tmsit to the larosparat^ on o£ tti« «arPo o£ tl)9 cof»tiiigi» vtilcfo 
lanvt l>@iiO ttSNid !» tho ^«Q€i^t fttudi6«» 
WK&otitt himd of oltirci30 tiliici) ooia.fi hm mpAXeiS, tm ^ imff£«mi 
!!$««•« iiliif^ Is it£^2aiiy ^^aieiid i ^ h i ^ tiiipisratartt si^tii i^ o i 
a mixt^ ttTft o£ nQtXBTwl 8i»t@ei«|.» liHa @«li4* cili^« feldspar etc. 
«ie flttifias suidi aa a o ^ |iplsi»ii» filtaoci.^ dfeo* ( imii tP ioi^iir 
tJia iBoltlfiQ fKiiist o£ tit# aano nat€^ia.al • Hia vitnasat 
mnt^rlala la Umi nilmd «t«li a plVBont m: mvattmtmt &e both 
to peo^&to tba aurfaco aabaalcm m& te ieeraaso thaciaal a»d 
trndh^mkenA atabiiitios of tha cxmtiii% ma a a<lttriir ia proparaA 
by aOaliiliiQ vith iratar « ^ k a l i or acid aotlutlana* tha alttrry 
is th«ii aiii^iad to tha aidMitrata mat^riai^ SoklmmA ^ 
aint^rin^ at tanparatiarat itm0»g £gom eoo tp 900^€^« 
!3i££iiaii3ii oQatin^ ara (3a£i&8it«a on m^Mitireta marfaca 
at hi0i ^nparatwtafti &m to inatietAMoiia iiitaodiifi^isio^ 
tetsiatfi eoatific! 4»^ aiftistrat« i!tato«ials« Sho na^sam e i sueli 
aoffitings dvpaddsttpjo^ »mm§l iaotocvt eoetpoiiitiaii of ^Na 
33 
in tbft stysetTftte Q«@«« «olid milv^m^ iR^smmtMAlle t^ae* end 
thu tssBipaci^ sitr)9« ^}« teasp«ratiim ftt i4ileh aifiuiicti eoatin^ 
and iiitridai and 9ilieida8 «r« «li« eaaaon ep«Ufi« pe^iunta lay 
hymUm ov i^luai bociaas er lioiRxi h^Udai* i^ j * ^ ^ ^ ^ ^ 
»iite»S« alt2«0f mi4«Q« CiOtlftt F« «»• htHms^ and 1^14 atMA 
(cto»lD« alfO*i$* SiOaOSt F« « NdLiSic^ tf«f)t las^ Mt autetrat^ 
laatariell® £or cootiiig ^«r|io#oi* Mietifiitie »t»ai mnA miid 
•tsiA stvips of 30 31 8 II I f» aim tiere eiit fsoiR sliaa^s* itw 
ttiisMBitie •t«MlL st2i^« «Nn»i hmmgmiwsA iaz 4 h ia an evacuated 
qiiarta ^mm tmNi C^ n^Miaitr«i i x iiT* tonr« tanpatsttttttt 900^0 
•vacuat«d synw ^mm tuli« Ci^ etMmro t « | o ^ tscTi ^Pip9C»* 
2^ «2*2 awilHB fflHiiirfititen* ^^ «in#alLQd mjgi&simma tf&m 
iiiKadaa «4tb lfi&« ^m m& U)Q gtmSm 3i€ pe^ taiss* cwpoeUvoLy 
m^g a @o^r dilvcii ^lae poiu^i^^ ISm alsreidad apoc^ lL^ iita iiara 
3i 
«ia eltcic aeid 0*&2S « in 2S nl e£ l i )& H^^^. i»«i • t M l 
•POfiiwiiw Hero tmifoxmlir <s&«tad idtti • lOilii iey^r of altunir « ^ 
e l l i m l3eat« Uoatmi in a faii£le tmtm«m at TttsPc &iff 3 li end 
f inal ly eocsdod in tiia fm^aiDi* ^ ttiia d©i^ csoating «aii focnad 
o i th«3 ataiJL spacieicana «Mah hai a»eciii«it ailieaiaB* '^o ^Mray 
^^fraetioR w o i ^ s of tlia filJB iik^aataa tl-m ivai&anee of 
oaloim ana fa rde ffaeasfeataiifalaaia - Z*l)» 
^Qgiwottimicai, a%<;aek of ttio mmsM. atariaca on iiwiacaicii 
m tim ^iKNiitiocic mld'm^kvm •ocfitaAntfig tia^t^^ ^asiAtsa i& t:lia 
£osiEsatiU3fi of a ac4tift!4a s i^tiA. .piioaiiiatsa 
i ) Fa • 3»%^ *^ 4 — - ^ ^« (llg^O J^ 3 ^ ^ ^ 
35 
lRaial.tMci me^m&mst piiotlbatse 
ifisolii^d t«rtia£if liios^iats* 
iU} ^•^^ii^^f^ ^»«^ ^^^4'*'V^4 
^ the rooeticfss are t^Mi plactt itt th* eiotftl ararfaot caetiinaoys 
disaoluUcii o£ th@ 3i;itetr»tti (aetlng at flRoai^ ooeiam t i l l & 
isiiidSB €»a«iii9 o£ rds i^a plies ^ tiato* is £Qna«t en ^lo iMarfaos 
i>hi«li mmmtm inrtliai' €^ «iel>isi;JU3ii o£ the PiaiiMil* cn h@.®tiii0 ths 
coatinti «t TQcf*C &&m cl«t^ €iriiislo» »»aetl,«iui tikm Slmm and 
ifffff.«%fy oi; ixcn isi^ cliffKieliSi ic^ £OIIMI6 »t. titio fioisal^ /^ eoiitiJifi 
Figure a*ift mm t»lk t^mi a^i pletitre of siiM^ate 
c»atod •task m^ >isctta«it €CI»MI eectioBal tna surface ¥iei«i 
iTQBP^tivai:^* Ih© «BC3«9a eeetiOMd. pi«t»i^ o2 liioeiiiGtQ eoatico 
indicatoe a neii^v leiieeB coaOn^ iihic^ i a oLifjfaiaiir ais^ C4r«eiA 
at the sealn/ooatii^^ i&terfai^* Hi© eoatis^ aee»e to he 
wmmtme^^ mMosoa ^ the ^l&y aurfaee « d iKMit l ike ly ec»Aiai» 
36 
m»ef iiis@i hon^v^Ti «INH?« mm ma&ll p i t a afi4 ps»rc» mmtttve&SL 
~ - • • " - * • • 
i^ blishgd si;>oci@cii» o£ SD x i x I sei s i ^ it«r« kapt 
im im^)^os>^f 2S^ ^ od&« aoi or^^ ana 40^ ^^isko^)^ in sUiea 
l3ea^« tiMi bomta i»sr« h@«t«3 in « cnit££l« fitsmaoi «t SOO^ C for 
mmm h^ tb« iiit^ectiiifi o£ ^fssUiitn aUiaitd i4tti carjO^  «fi 
F^^* At mull tm&mtmem (QOd d aliiaiiil,«n sUieate reacts 
with tm» cr stid M to ^ v s alMsd siiio«t«s of tsii® ^sss «o«^ £iQsi« 
37 
Ttm o&@tin^  matcsrialff pclnaillir ^wiiiiiSB aiiieete r<s«iet nitli 
^th Cir.Oj «rit& 0i;A»dL StufbmCXJi^ At tlMi fioatSJiQ^aliiif i»t€C£«ee* 
imici»9 ttio roac^oTi miem U^Jf^'im «l«o iocia^ i^ i^«b i s also 
Cdo 
Figure 2*1 ahom s^i i;4ctsard e£ a toBotm mmtLcm ot 
9Uie«to eoetaa taioy* ifm fllis ecntfti&a l^ dr^ e mnibcir oi. voim 
mua ed«p?o p>r«8# It la dao ncyt g««» >^exiy aaii@r«a to th@ alliafy 
avaet&sm ic foet i t i« dvtaM s^iitf froii the elioy Biar£«ctt« i$ie 
ooatitig apiJMunt te IKS eecaiattvil o£ otiiy cna ipiiQs« ««5^ *i ixoii 
sUiimte* D)o i^rsy «ielysl6 am£l£Bi0 th^ pr^ manee o£ icoti 
aUicAtat (tal4« • 2«l) • 
« * * 1 3 
o 8 
in tli@ foiloidBf £C<e{ii»r«ii9fis Uiy w«i0t %) in ra&r4Liit» 
MjCsiOj^ f^Uv^S^ t^ /4^gie,ft«if tigC»tS«8^  and »s»Dj|il,4lii« Itio 
atoil &9&cimm0 I^ QCA ooat«d txitit thin ieyars oi ^la slttrry and 
dci@d at ccma td»rx3Ctteti^ « in &ir« fho ooettd spaeiiaQno ymen 
pst in tha siiicft imam* end tJieii trans'IanraA ti@ • moMkm 
im&mm* tsh@ si:»3dl»ans %mm baleod at OOO^ c^ £ ^ Hi -w^ 
siila8«3iicffitiy coea.o£2 in th«i £i>sn«ce ita^f* ^ «;liia Ulm o£ 
l»?ei« colour vas obtainod nith « g««>ifln#iiy e e ^ ii%<itrtt, 
I3ia coating cm «iie i4i«¥ in iG>«iB«l aftsegr « iidriee o£ 
ctisPiciiL r^actitins in¥^i!in9 oxiiiai oi m« Hg^  ^« m und «!»» 
iii»r«at «id ^tKiiniia siiie^M ptmim B^y ^s^i ' '^ ^^a* 
stseai dpscis^ns isn bisstiinf EIC^  gecfvkm oiddoa of Jr% cr m^ Ul 
nmeiLy ^•^y ^^3* ^'^ <n^ fttD^ cr^ ^^ i* ^<aid i»d<l«t in^olvt 
ifi & Vftciety oi. roactions iiitit ooQtinQ ist&t^ r^ials* aona tys^ i^O. 
r@aetia&s oe^ bo ropr i^ststtod as is^lwm* 
v i l i ) ^^^^3 "*' '•^ *'2 ""' '"-^ fm^^M 
39 
i d I l iO 4 <^j|<^3 •••'"" •"••> ^ ^ ^ 2 ^ 4 
mA hmmt hme h&m uso^ as &\mim%mtAt to I»OGI&^ indlioticjii 
h^mtm th« c»iitic^ end tba sUoy eitrfac®* ^MI iMriqr ^£frao«* 
iiriii> te (xl)* 
ri^urae 2*3«i afi4 2*3b c@iraB«iit fle«rsnliig elmtmm 
i^icxo^nsi^ o£ tho ca;ooiN>aoctl€tial m^ aiir£aea lonslcms of tha 
eh£tisat<s ooatod alioy* ^i* miecopraili o£ tim »iftm& inaiCAtos 
& n^oely t«xi£c»£ru cx>citiA9 of tlie dtwemttm tdtli BO vSolMtt 
pnas^ceo of imt^m or Mt«. H)© cmmmf^mcUmml vicur inaic«t@« 
e thick luafor o£ ooatton atro^gl^ «iati«tQd to the aUosr isurlaot* 
i^l30 QoatiAQ aoQpis taD ecciteaie at iooet 1*10 b^«ai<3« jvoliayLy 
ocs^oisUDs o£ cabroe t^^  aim s i i i ca ts* 
^W^myi...^m^' Ma^ S^ O a^oii^ O* KI«IQ^ ae^ Ugm^ iNwev al l 
malyttcal grai^ r«^iait«# i8ii@toaa ^L^^^S^4^23*'^^ 
van A tfaa^iOKt getm i«odiiBt* M'diait« ffwm mm « C&INI 
40 
the aUosr opoeiia^iie* iwalditd rosin urn vmmd §sm mwl6iR^ 
ijoitltl adhasioli h^^fmm e^ftUnn mUctttr«r eml «l^ ^io^r opacl* 
s^fi 8yr£«e«« she aimciBHaiia »^@inB I d f i t o v o m i ^ t ^ £or ^ r y l i i $ * 
in a maum tiam&(m at flqe^c ler aii foll^eif^ % «ioit coaLlog. 
a l^f ic^ coloi i rad ooaM&iJ ti itfo 900a adtiaiiMLefi i « ^owMid on tl i t t 
001914 OK f^ uratd cestUif octisiating ot wmttl bG»co£«rrit{w 
&%xh m Wm^m^, i& la^poet^ d tap be «oiai«d by tlio iiit«ir«etioii of 
isQR and eiuaoiisiiws oicia^ il^Btm ttio «lic»3rl i4tti iaersn in proMii^ 
o i )Kitio^ « isowcf^ or, ^MTii^  a&ffracticft ancatsjls ^mm iKiaic«l» 
tlie nr^oimo o£ boricias oi f o fl»<s m MKS inm tamtwm^ Hio 
£o£8iati«tt of th@ ekevm ommisltstimtm msjt ^  €0!|tfl^ Uuid on thm 
hm^M of thtt foiionl&g c«»etiQn«s 
i d i ) ^ ^ 4 ^ '••""•"*"•"""•> 
i i i i l ) BiljO • IStOj^  '•'*••""•••'> 
jar) ma ^ as^ Oj 
^ts • lleuG 
ti«j«W>j 
^9^B • ^4ll*i^^ 
miB • M^K* ,^ 
41 
rignTtt 2*4A 11)4 3»4t» fliioif S ^ pietura* of borat« 
GQatrnA QUoy uRd^ eaMM •€ictiaiel ana siirfGcid ifl«ir«» r«epae-
t^F liV<^ iA rdlotlvalt isiifosa ma icobaiily ecuuilsta o£ 
I3(»£l(ia0 «$ jUPPn« tho ismm l&^gm^ l i i l ^ i s iMiJaieaRt i» tlie 
fi^Xoy i s in tho iofi» oi •idr«tti£i0<l i«t|f<ftf' ami n ^ caonsist o£ 
carjo^ y f €C^  ^ 2^3 ^'^ ^V^ i '^^ ^^ '^  ^ ^ ^ ^ mdLm i^mWslmi ©re flii.s<» 
Ix^corperatail idtli t:t}@ o^ ttear l^ ?)@r» Xt «Ppsiai» ^f t t i& lamrtttA 
fsoatoS itXX«y« th@ £iXjpt) is not mSb^ema «o tho a l X ^ ai»r£ae« i » 
the Gtciet saBs t^ thou^ tiao ianor most pertXce e£ tli@ csoatiis^ i« 
{lot ^Qta^iod ixtm nm alXo r^ starlaai luit $M }^M@& !>$- n cmiai 
ntAi i&Mesmtixivtmm Xoy^* itto i^iiiniA^ laienH^epti o£ tlia eoetdd 
elXoy 9«irf«B« is roejioii.al%ly o^fore) tibou^h ^tm W9&&^m of soee 
pita ana mem» cota,d ei^iXy lio visiiaXiMid* 
l^fft^mtif liiifl* SixoGRsi t^itsmto* c i i^ ia i Mtr««», 
moBtkivm oarixtt&t** £4ms j;tiosili0t«i# d tc t i : ^M^^ BO^I^ 
am. i^bos0sxic ac44 Ciioa^^Rt c r c ^ eii^aicaXi^ tmro 
tModU 
i*0!^ im^^^t^^ m^{yo4l^t t^m eitcic aci«to*if «B4 
42 
i^Mj&JiytOA^ in & nil of SOii Hj^ '-D^ . nm «t@«i apoctetans mmm 
uKifocf&ly f3&dt<3(!i t^ith thin Xayiirc o£ tho slwevsr and d r i ^ JUi 
fiir at soen tcf^ porattarft* fti^ ariaS aiiodiaaiiii voeti p l«e^ in 
siiiCA l3e»at8# eEi<i hoatai in « Pii££l« ftaamaco nt @&0®C« ic^ 2ii 
n ^ tixni e&oled in UKI ft»iiac«» #% thin gro«i oeieiir<9di ooatini; 
%r^  £os&oa en tho ap^ciaecHi «ith #i ie«l i^t a^S)«iien« 
inuring h^ntifig ^e&U^|)2 OecsnipMos to givo sscc^ ^ ' ' ^ 
eaddas &£ nitsogof^* 
adid IF© 4^  lOj - — ^ Fej^j 
USUI mo 4 ^;2^3 "•"•""> i*icarjO^# n ^ 
s id i i } CTgOj f af^B "•"• !J» (car, ^"^^^ ^ © j 
^£(»nia in ivaaocolnflnt (si%€«rttrati€»« xho 9Mei^  i3i££r«eti«e 
ad-x to XKilil in tho oeatlAfitt 
43 
o£ thm mxtMmm SMi^sfliym m »#ariy willfca» csoatisf t^Hi isxfsto* 
a*4 
2«4«I 
/ 4 ^ ^ it^ei i»i@d« mmlim f^et ^^ e* i^taii^iS 
M|$)|^f0a(li CeK.-fO#Ifi acta &^H ^ i P i In i ^ &f ftli liaptt* 
44 
in air e t g&3m tmii,>^x&W»m m^ %m)t& ^mi k@i:«b i& s i i i c a beats* 
'm@ axl^. C€»at@a ai'^ e^iiattia >t!Ctt sul»Qgtieaitl.y ti@at^ in « @ii££i« 
£i}£iiac« at ecsoPc £or Ift laiA* fciien^ d laiy oooliaQ in tli« fuimaoa* 
Borax (t4Qj|B o^^  en ht&ti&g ^voa Isoron oidbSas nhic^ 
emmm %4t}i ^««0^ and mm &o foiss ijpon una uloc lK»rattt rssiiQo* 
tiVid^f* 
oKid^ e£ AL em «1 pr^iiBitaar ruiittiti tur^nctod #all iccia tba 
port o£ the ao@tii&9» Kcnmiir. caay uhich liaa h^m uatA m a 
ticn ^ t a ac> Bot i.«t!^dA «i]f <afifi<3@c^ 9 lor tim ffo^mmeQ c^ alitriiao 
sill€:«t€»5 lb9 c&iiti&9 pBiol»a}4.y eontil&a icon fasMratA ima sine 
aonls^t oQcatitUimta i4th alliemm oi F^ oca #^ in mmllm 
fxtntsmtt&tlcRt istiQ oGKmtkmmts »smmt i& tho oOAting as 
ici«nti£iM by tiia ^^»IN^ ^££riicti<»i mwltalm mm Wtmci in the 
l!fiQ sm £3ietar« ( f ig . a«iid of t ^ surface o£ Ixurate 
e o a t ^ ©liov ^tem& o neasiy imi^^sa oDetin^ vith foree at socie 
45 
€ma.%ixi^% e niiaai^ si)«P9d ootuitltiiaiit «id tho saeond ^3i»tltu€nt 
ccmsUtttoBt i s peobciil^ iJKii*b(9rat^ %dth Mj^^ <od '^^^ i^xiainf 
ttm iiooc»ia jpN^d (I'i9* 2«i«d • Die seaiuiliig i^lciografti Wig»Z»^h) 
C0&tiii§ cscxsaidts ot tarn la^mB UtQ oifeor li^ps- i o posv;>tas i»^ ttm 
imm It^m «Mcl) ia Q)^ae«»t to tb@ tO i^o^  ift »iL^^vdlir etrnpsict. 
Dse ottdT Jl^ar peastis^xl^ r emitMMm icon Ji;«trdt«i liui tho lunar 
li^}fm: (smtM^m oid<litt <»i l ^ Gr« mil £l« 
2»4»3 
scoCiao^ y&ddt for tho pco^^reticc o£ c^atio^ inars all 
£QUo«iii9 a^eisitst aiCiOfft^ cr^o^tOfi^ «3ty& i^O*lQr ^gDio«2cFi 
ifi fix* SIta ^ n t ^ •piClM^na itf««o mm sleet&& in s U i o i be@t« 
46 
bjf elcm cooling i^ tiio tammm* ^ fpraetiif^ fcAn^ fMn iUm 
tins foins^ on tho opocliiaB tdth good adtioaieis* 
2i«oon|i Mitr&to doecci^ PPses into 2x0^ and ox ia^ o£ 
•Sb& mml'md f^se^gm xmm^ Hth nLJtoy i» §om ostiMas of ixm and 
w M i ^ t o d * i^ua t ^ eoaUii9 ocirioUts^ MW ^ c itietiijc lis td^ Lich 
tlce dndiysis (0 .v^ i& Talal@ « 2*2} eion£is» t ^ j?r«idDiS€i o£ 
Fifjitete 2«78 im^ a « ^ abcm mmminq Amwm i^csD^rfti^ 
ii<iadl« exvatalXeim o£ aiMxt^A eed etiiaeo mufntMM o£ silicnii 
esxSaiao* titio eoati»C! sMmi to l3« tnil^um vith « f «f ipoia»« i>1>s 
csei^s»«ieticiiel vi&it aimm » t t i i ^ o&etiiif tfitli ^ t s «<l @eHPts« 
ana $M nmxlf s^m^d tcf tim Alloy aurfacs (jri«« 3*71^ • ittio 
coaUtt^ f i i n p?amx3€^y oontsiRs sco^ diai^ arooA In e«el)iaii 
op^ iKkcie «i^4# iis«d ioc tl}« ^Aparoticn ef ot^tio^i 
47 
tnace Bill smigmt gemm c^ e^ilcttLft* 
it^ aeod in ti)e ioUoidng isoiortiQiMii cr^^ias**}^! /^^ii^j)* 
:!^,^^i %Qe&^as»#»f €^i&tu»emi ne^%if»im$ mstAe nei^t 
fhe Bpacix&ma vosm tx^^oA with thin layor* i»f slunrjr 
£«a i^£ldd in idJT* flie axled a^ iaelwqiig worn impt im milixm. htmtm 
em, nwrn haat^ at mo\ for Sti in e imifllo fiisode«» -|}}@ boo^ tod 
ai'ioeimam noes thgn aiioned to oocA •louli' Ui f^enaco* 
I*eu0| i^th vor^ « ^ i ai^ >i«itsi &£ foJI^# i3io c rJ^ j p r ^ ^ t i n 
the cs&atin^ laatt^ rial. raact» «4tii oxi^» of ixim tc» S^m imm 
GllR3@GtiOB« 
Misaintia siXieat« proo^nt in tha cnat^Q aey tttS^rgo 
(Spublo dacoiapi^ti€» rsaetion to give i«xi t i i icet t 
48 
^Ham tl)« ooatiiii €xxkt&ism t^liisttmut &Rd aUicetg o£ lx%m aa 
spaeiSKSis iTw^m • 2*2) indicmta ll)« ^mmssm G£ laost o£ tbe 
Fi(parot 2*@a md 2*$^ sDoir sm itctttrat e£ the syrf«c« 
•«n8 to Iw hi^4.y isiifpsa and seat likal^ centaifis irc<i ctiroa&tQ 
and altiaiiia* h^o cxoMNiaeticiial vlair wtoutt tto tioli dofiKaA 
lai'ae^f a ti4i€iair unif&flia ontar l a y ^ nfiioli i s pt»»3itts in itstsani 
md probala&v contQins icioii etic»iat«» Th^  &MB«r iai^or i^eli la 
uRifofia and ooa^ iaist pevMnal^ :^  «so»t«in« faP« ^ # 3 <>^ ^9^3* 

49 
mMWm liittftal M&k» 
ineliidlnfi oorcDaloe r«8i«tcico» «»«ar wmiutmcmf iii>cieatiQii 
liaad aa toola ta ^oiaitaar <»itUi»9 mKis»mmmm» to svo^Oi 
•Miaaiaratad laborat^»:r taata^ t» d«taii»ii%a i : ^ qaalitir i>£ 
isoatififa «)i4 to i»v^tifiato «ha naeliaiiisia of eoeeaaioii 
pcotactlan. 
OiasMsiccult pauetial mmmtm&mtm maifsa^ ttM 
ittiafMUi in csaaa o£ t^ ifMRltr oottUUciisa aiidi iiinnminiiaBta «fpiL»lP 
wasid md bemxgmimm tttmrniim of ifat«r« mlaetaeehaialeal md 
<ai«at<?al. jr&^tloia liitb ligiMiita* £«inar «id atsMiA. amdtetrata^i 
H M B»acliaa.aB 0£ eaatiag braak liaiii i a IftVaatlgftlsaA 
wltb al.<iet«oei)«csieat. ta^miquaa* ^iKidif: «n4 eafeliaaie s^uxt* 
saticjit eiunr<3« CSB laa ttaad tci idiittify tha laeotscilinf 
ati%iick o£ ataal ooatad ultli iimt«e alekiA « ^ m *»m»mt Q& 
dtmmivm %tm »maimA l^ a cscolidfietiaii of moMm ptAveimtim 
50 
61 
'Amsmtly m ati;^ * ham h&m mm^im!t&§. on tli« mit 
i ^ o s i ^ 0el>it«l«ii 4|fi &»I9 • Di« l3«£ior^ mAt i s Calami 
tMc^ «r» EsaiRtaiiiad w^ 4QQ twms %ikm tmts Htm l;«a^ii.&t«d* 
1 ^ mmmt ^^mmm &ml9 %>it^  the mtmMm^ «m ^m alaetfiOM 
@sd«te Qi3at«il P i a « i Qt * 1^ fft^Qi. Is pr;^«Bea e l 
5i 
3»a 
nm I0ii«s a » ^ stsoU mpmimsmm mmt mm^^m^ 
oi}« mokm mikmlmi of tia« li^^ m^ V^4* ^ ^ oiijr»e^Qn 
potaastie stents ii&dii. m 72* fhs c«yi i9Kmi^ s%@i p& % 
m®s momt&^ in a t^iieti h d d ^ m^ atstielMMl to • •t«yil.@tHi 
etmtSk c»d» 'i?to ^1 
jTMcic^ ted «t ti)« iistirvia ^ 13 isiimit^ iB tsNi $i«it fair 
o2 
t4.th cioiloiaal silver «^&@lcsi ced th^lr stxtustetirM IMHPS 
^^niiiod b) coabcid^d ae«mUiQ i^aetcfsn t^ cascMM p^t 
Htm gmmtil l i^tvlaiv o i stioa|iiiit«« laocfti.«* c ^ a * 
£na etiCGoatQ opetod m tiiil.i as inccMit^ alloys 9pm$mmm vem 
in i iquia £or 24 hDuni and i i ^ ^ t ^ida or iOM «•«« v«OE»cd#(l 
talil« 3,t« iXm t.m% mm el so «ttffi«d out is laoiliag liquid 
ti»ii»f to latnutoii Umm no loss or 9«U} in tmi^it vtt* edaa^ arvod* 
^tcfitiaiAisio imxvom ttm i^oaili^a« bosmt«« 
«^d« md dtmMmta ooatod Ai.io|r «• tmii lui <uDoo«tiid «lioy 
are aheim in r i ^ * 3*i* 
53 
m initJLfd ii&l4@ 0i^£t in e&i»wi6ii pEit«i&-t|.«l. S^imroi. 1;^  & 
ccmdt«t .^t^itiiil @'<:iiMur» for tM tmtt of 144 ht^nfs mm» 
mmm pits mid ^ e^Qi^^^tfi mvm&im mm iemm on «bi ociKtixi^ t 
^MtiBHiit ^bm tmmtm mmm& oli&it In lid i^mm^ m 
^i.l.#i^^ lit @iii^tiii9 m m Imm mM.^ m^mcUim npiso n psrioa 
d^ iiEMi9 tkm smt &£ lj|& hcntea. wm» flm iriin»i& iiRia&&4i&i<ii 
0f ttm tiGWso4a& eioQUm^ inm^emmA tim $mmmm #f waiSi&m 
54 
OQiitlii^  em the surf ae<i o£ tha elle^ end t ^ d i ftppaerodU 
-m^ dirtsPQ .^^  ISMS osdae coa&od alloy &itmi iittl@ or 
r<o cranio i& thdlr cocroiiofi pot^tlal* Oxias coet;«d @llc^ 
s4iC»«^ cKl o graauel dt-iiit in the iu^« ^ri^tioa a£tor sc. 
IMticiil pa£i€»d 01. 24 hmim %4tl-i a c^ ditcKi in g&bimtiA Q£ Urn 
&nadr Ql ISO B^ U::)t& 9i \xmxm iokimi ^ iiy th^ a^it to a 
ctn* I3M MH iiictttrafi (fig* l*jUi & 3«2i96 •tiostf tiio i^^^nca 
of i:At» ci^ vol (In cm 1^ 3 miif£«c# o^ thtt i^ioy»* 
iibtantiaL/tisio cuzvas ior uneo©t«d iiiov (fi9«3«2 ) 
mMMis»0 initiaii:« a m&ekl ahli:t ill ttio ooreesicn 
gtftmtial tmimciM tim m^& eHr^^icxi. £or ft p^siod ol 3 bsmm 
toilo^md bi^ « smoli but i^ esrp «lii£t to the ei^ h^od&c fraction* 
Mtor d iKmea iittxa of iio veciBtiuii in |]ot«Rti4l IB obia^rvnd. 
oi»c»9«i€ti !:%}t<3fitiiil for l^i03iiii6to# hKmmm$ oidU^ and 
e^ usGGiato o&3t^ QlXoy apsciiBoc.'d initially ohitt«d i s tfe@ 
cathode ^ r ^ t i a i &oie tim ^@nod ragiiig £«QBI 4 to | 2 hours • 
'itiia in ic4ioi<(»d by no or i l t t i # variaticsii iM gmmt$A for 
mat o& 1 ^ duretiai oi mm* 
55 
lt;fc« *. cooEo^Kl p^sahoti i* ctwosctfi tSBCi hotmtm eoeta i s^«3l 
3i»!:»ciimx}# a m mtsam^ in £ i f , 3»2@ m 3«3£« 'Hid | l t 3 « | i i a ^ 
CDa%#d^  utml ^muB neady wii£oi$i siiK£ac«i' w i t t i cnais&ai©! 
fli® o^^a@ «3&atiid id.4«i^ l.li<3i€4^@ii « 9^&% to in i t ia lk 
upe© ® i>:2Kl«id t l ^ JK5UI» lolio%?#d liy it BhtJtp iaar»M€ ^ 
4tic4<iat^ tha t @ li:<r&»?j ipc$@ral€^ smi «oi4d t#s?is£.t@ tli® 
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.in petoii^iti itse» tkm. mmoAe msm^iixii^t 4nc^t itiiti«Jl 
meloi^ &^ tZ iMMmf £er ^m nm^ f 2 tmsm tN^« in il.ttl.9 
^lontiaia pm^mm i«€»vl4B piiig&<^ i^it Hie ^ : i ^ te ^srt^ac 
'^ari.aticii $M efmmmiiem mt^^U^A diisinf t^. purled metiiiaitii 
iSilji l>@li@wloiir fiiiticipfittHi i«iDt<ietiv» nfituint &t |ticMi|ba«,% 
with m& »im oi dljitciirtloRft* »ioi«'« r^# «l^ a^M^* il.g*3«Je 
i^nt '^ «llo|' €« tli@ o t l i ^ ti4Sid# ili^np i4ei»»ey«elai alcnf t ^ 
^ idn lw>«»a«siaa «»^<l tint vnirf «DS^  i® fsov^roS uitli m€m» aNI 
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flMi 1 ^ ^ cseatad ullo^ sl)Oi« m shift «o ^i^^oaici 
4liO «¥ i£mm 41U my im M wl^ i» G^mmwm&» liitt ^xomata 
co&toi ulio^' en tli@ Qtfo^ haii^ iilt<»%» et|€W0ar«8i« ale^f 
tti@ gr^in l»'^ >yg i^£i«i iM ili# mmimm 4« ar«Br«iil «dtfo p»£«s 
in pe t^ t i a i fosiieii^a i^ « txm&tmt mtmtiGi iM mm^9 hm 
iM ^)«^4 ^ ^ 9 ^^ @ « i ^ i ^ynl.a.tii» to p^if i t i i i Cii9* 3*3) * 
Xt 8p;iwic» tlidt thm mmmtmA Al©^ toxsss m liiia of Or^ i^^  
all«:^ ^^yi ead^fli^il ^ tNi tliiMia.i^S QM^^m && ti»8 #eid ina 
m B s^D^ 30l.iiticm# t3m mmmtm aliot iti-icii»« m i n i t i s i 
«el^oaie eliift &:i44i»i#@a 1^ gmiat^ cii cmiiitmt iiit«nti«l* 
#tKir««iiiig Mifl iecsjroiiiiAfi pc»t«»tiiil«« lfe«i iii«i i^ i i^ 
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«o ^^^^J% '^^ i *^^ ^ ^ a&j.iiy..ai* B&mTjMXm the €siw»^w 
its tile fiillo^ i d again nsd^^lsod ise §mm Or^®'. and t i is pcieitjie* 
t i i m i i i e i i i tia©|@a u j ^ fisim msmmti igpm cti €«»tifiwH£[tiL^ 
I3t«i «^#it io»« €^BSm n ^ t ^ vi®)s»l <te@Ki^tioi^ 
^^m $M uM.m 3«a sni^iiirt Um dbtrnt ^^ i^int# 
^ ^ ^bim'iM^tM emmt^ a l i ^ «N»« pri»t«sti«it ft^plti«t 
l i « ^ ^ as in^icat i id J ^ m& vmtmt%iM im got^ i t ia&^s i^ i ^ o t « 
m mm^ dointiori* a £ t ^ initi^ail. «M#tl l ig o£ ths |xgi'tflitti@l 
te» ^tm emUmeiG tmr49eti€»# i r^ r t a » ^ i citsnuaa in geftmti^ 
sen €»li.s^nfod t l io i i l i ft atato of i«i9t«eti«« i s »€i«iar «c^#7©& 
©ifin @it@r 84 tomma imamtAvmi, Sn 1^48 emm§ t i^ i i m t i i i l 
a t ^l&f eoati»g |jBtiirfeiie«* 
#11 ^ 30^ M..ii.u;n,„.,„^ l jrtgSjU) 
a a r 4 3Q '*»»»»•>•»»> a p | p j 1211 
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imem t^ mm&tlim $.$ i l m€L izx ^m mm^^m^fSt A 
®£t<^/val.aUviii^ img period o£ #io«fe iOO liciiar»'» Tli43 iii^ 
Umnstim. IV end ¥ H^p iji li<>«lif)s tim p ^ w c»£ 
affair i i 4 iKMist im3ir8i«ii la ucSk- siiemt @lcc«»GfS«ts^ « of 
tlio lksrat# ba t ing et^  atmA, m ^^^|^ eie«ll«m mast «c» 
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of 0*3 X IQ^^ i/«a@^ in m im tmms mm &cmtmm»^^m tf» 
i^sn^m.* aurUii' iMtial periii^ e i a^e^ Hraicm* in siaeli a 
p tss iv i t ^ i s ac^#Vii^ ^ c l i i » 6 r@la«ivalf atii&rt ^^rioa #£ 
3 l i^ ic** Hie tiiiQ/f&t&^Ual» i4ot a^smm m. isiiti3@lll« s ^ f t 
iPStMiUal tt|3«0 tlia ^ 4 (»i 72 liaiiyBi ti«i« iSsi^  ^e»ii<» i n 
df b&t&tm Ks&mim& ®ll#^ s£t@r 71 tmwm immt$i^^M $iR€iiemm m 
A«@rl^  imiioisa co«tl&9 ®^  < ^ i^ s^ii iKMrata* 
i f) l-ics stioi® i£iiti€a.i|- © n i i i f t I K I^O m»l:^ii daLreetiesB tiptx» 
e i.3@riod o£ I3 tmrnt mHiHA % €iMii-#i^ ia iii jpot4iitiii mpto 
72 insult md £iii«ait tti^ctt i s a rugUai ef <:»iisteet''ii^^ tim 
i i ^ of gW houss cm* 
( i ) ^ ciis®Qiitfei«^ o i tsNi l»otr&t# i i i i i i n .%^dk 
« i t ^ aa* 
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F«^j * * «<2l —*^ » a a j * 3 KjP evil) 
HOL p@B«tr«t«a tixroii^ borate ^Ija m& tt^mm 
ur i-^ th<i 0:3C»«id st£tc/0 tho 0 . i0K>lv@d itt rmctSxm VX ostliSlsas th« 
«lioy ' to i&m peotoctiv« i£ii^ tmd «2.ao thti boreto fiXe i s 
et}r#d b^ - sismci wJcrioitfi imt^imaaiMA* \^m tho ifeeetion in Urn 
Ibo ^i£aaac9 coaUng «a«M to ]30 fairiy prntmstivm 
i& aKLd flciutioia* th« miantim iD^HAta ccmstetit pot^tial 
alinoat &Km tim im^xmin^ o£ ina^s^ici^ rtm in cic« of lid 
mc iU^4* °^ t)Q s«E«t'^ « pic«ur« o^ &>&%&& aiioy «£&<3r i^p^icsioo 
in lid. iaaicat^ thg» pra»asca of « tiMMMei:^  «BBi&»R} eoi^ Ui^ g 
0£ i r o n s i l i c a t e I I O L C ^ i s ll£Oi(«fl S t « f a n j ^ a c « « B 4 U B ^ ^ f U V I ^ 
oryiitals o£ ^sp3 ^® vi«lM.«« iiho iS4 houm ixmms9itm tmtB 
iudicata raleULvoly b latvy tNil^it ioasoa U3*2 it 10 C/QH"^ } 
iB IKI corraapcuulng to 4»0 K 10** i/as* 1« ^^^* 3» J^# 
in tti« in i t i i i Qti^cm ImUxa^ tor ettmt 12 hourv th« mcrjO t^ 
MCr^ O^  ana '^02^ 3 dioooivd (fy«m coating in eciil md thd 
iMiria pm^^mtm ti>sxm$i ^^^^^4 ^^^ ^^^^^ i^tac^ ths ulioy* 
tiE*j« ^io|f i s diao oKidittoS to c^ y^Ci* £iNia tJm Gtfjfgm mmmt 
in tii@ noid* i t ai^ io&t;» that tili«e aidfSoiuUon ^ c^ coneit® 
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io coe^timail UiQ e0a.tiii9 i& «t«e»iaticaia.y hmA^A ana h^ommai 
^e»%mflym» x)^ i3l.asoiuti.oi2 oi, daxxm&ttm «nd f aJO^  mad fo^^ 
tck^ mAutkem acta^ad &&t^ isisorsicf) stn, Xn H.£K^ ^ 
solution* yiwu^ um c&m%Ji,xm occsucs i£ sisiilar £««tiiai I9>ut 
ia eaich i^ Mi acnr«r<s tiiairttiojrd «t}o i^ &tm. JLooaea ttra <xx&p»* 
rativ^y var>' amali* 
in itiC, «£t * ao«aut la . o« tb . CB.Ui>B ftanng th. 
initial period o£ 12 hamm» th@ add etakas tha alio f^ iiaaalva 
as i»aieatad 2)^  ti^ a hoiriaontal ahapo of tho pot«Qtial/tii^ 
plot* &i@ ecmmiMg Pi.en»9raili inaieatas a imi§axm eoistin^ 
o£ a^u^ <^ 4 pQStlciilci^ <i0 GR tAm alloy sur^ acsa* 
ilm c^iSa Goc&ie9 do^ a isot a^ nR) to km iwa^tmctlvm in 
add m iticilcatjd by tlia variatlcos im i«>tc«itial/tioia plota* 
J[A licit Oisin^ i^ra& 34 boura tl^ ia eoaun^ in protactiva aa 
indicator to^ a ccnatant jetintial t^ an i t aliowa a ahiit to 
fiolbia ciiraetiai* Hi© af»o <»>@ti&9 ia ifi^. ana ^^^^ i»hoi« 
re0.ctia o£ inoraaain^ anil dacrcsaaiiiii |)Dt«)tiaLa» 
2tia I'a^ O^  isid (faQr)^ *^ ^ ooiiautsuants o£ tlio ooaUnti 
d^aaoiva i s acid whaxroaa ssci^ ^ if«»«U»^tact, 'hm^^ii*m«a 
SniUa i s ^^ ^^  attacked lay tha eci<l* ttia al.o%i Olaaaiutici^ o£ 
tha alioy ia alao aceonponiacl ^ aiSAHtef^ eoiaa o^claticfs o£ th© 
alloy to £&i3a Cr.O^ iiXm* ft)<@ tio pcicMS^ isisa pE9P«l<Sa variaticna 
63 
i n pDtOKltlQl* 
"Urn s«!:aK« tctur® &£ the surf«ico «£ tim «o«^^ Alloy 
a£t€»r loR^ iomcsraioB in isa aad tUaCi^  eoLuticiis iur« 8tioi«t in 
£if* 3*|A ena 3«3^« Xa l^OL tl)«i eoatoa allo^r irtwir e r^ te ls 
of saco.« th® packing of th3 crystals is not oompiiet «»d 
faiiriy l&£g@ ntisibeir of volos are vi»ihl«i» Fif9ttr« 3.3^ ^ shons 
© s«i«lla plctue« of hi{^ pa^Cicaticiiff £)i^ oboifine th^ BI»III 
£@atitras« 2$t# osdott «toaUid a l i ^ in ^^^^ aiwm siniiar 
stsyetura as that; in i-Clf ^s&j ^s l^f^ ^^s ^ ^ ^ ^^ B^"*' ^ ^ noaaias 
enil cau^te» cm l»@ Sttoii idth r€«Acii«i4«r ai&t«Ui;tti€n o£ voids. 
fceei po««i«i«i/UBMi |4ot» «na i«rai||it ii>a« avasiisiMlktui* 
oions m^ b^ dramt 
i ) xn Ha.« tha pilmiiitat* ooatin^ »ho«« b&m% {^otaeticn 
in ecei|i€^ac«i tD tmooa^ Aa alioy# tiliii^ turn « i^ asy poor peot«0» 
tiixi dpiEUist: ecid oonroniOD* itia bG»r»'i« eoatitig thoit^ miek 
intartor «» phosiiiata inat is si i t l i t iy battar ti'ien i»OD@t«6 
eiioy* 
i i l moDq tb@ coatint^# ttie boreto oontinQ o££@t8 ho^ 
ppDtoeticii. in l^ a&i^  «n^ itm faorcc i^cgi r^isistiiics pK»r£o«B»ciio« 
is ^Mdi batter thm li'iooet i^a atci^* Chxon&to m^ ^^xm^h&tM 
oo&tingv thoiH|} battmr-then B%&el bin; AT* inictfior to bocfttiii 
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ooa«iti9« 
ill the aclda 
pKOportim in •orvice eondlticais icveiviiig long pofiods (sa^ 
WBoks or mmtim^^imimmmm* 
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lum wnrnMrn .^mmam ,mma9m m. mmmm 
4a 
the c^ Jiraialm atoola i»MMt moceklmt csosnasics} 
iJQW0vcir« ttioae taioyi ao ee% yotS^ tmtiMmtmiX'st at ti^porntitras 
4isi£i amprnt gm%mtXv« seelloe* iSia s«alci« wtilc^ era otttandiMi 
i;«Gtaetiv<» are L^asiaiTbud duo to t^e aiG«Bl»cisii^tl«» mi& vm» 
iRtm:x!uptmA gx^^^th of tmstiJre {FdD) at histi t«B|i[^et«raB» Hio 
arnost o£ carbon in t ^ iocn o£ S3Qt«lli.e Cis<^^ b^ tho addltlcaii 
o£ eaxtida ionaii^i ^«3#it«« la & pnoliaieAa mmm to cl^ Birtiasft 
osdciatiOQ retae* '^m t^mttii ei vuatl^ cm elao Jt» roatsietdd 
by feh« foiiiatias of aiii£«l« sueH eta raC^CTjOj or FIID.MJOJ^'^^, 
Iia0« i t l i c ^ %;liii^  i s liithE»rt& »ot yet i»aai «KS4cffiA i& ttio study 
o£ tbe osdiXatiofi ]»ah£fvioiir in j^ v^ s^ once o i iximf^sgrniXe coatisgB* 
xtia stitoies on mmm 4n«»ri^ ii4e ci&atia^B isn ateel* Mhte^ have beec 
d£»tcni»ed in <diai:itar i s j ^ iii<^c«&« bett«»r msmniem wmimtmcQ of 
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«»2 _^  
A|^ 303 i^ml i l icr • i»S ml tiao emtmA ^m tMm lOfus 
ioo* ^30 ai^ tm^C ixk m U&iktM. mm^^ ^ e^* 
4*3 iliffiiilta* 
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tmra eaxxiad emz in the tuiepciratitf^ xmim of 400 » SOOO^ c in 
a iiiaitas mtpply o£ «ir* Dio oid#ftticgi mxm WC^ BIB It8ii8ll.y c^ 
4 t& Sli (SyratioNi* 
4 . i a ^fWgiiila ffigltttBi* ri9i»«a UZ% to 4»3« pro««it wai^t 
giiM iw tin@ £ii.&t4t ler tNi oKl^ aticsB e£ i:iie»|iidttt ooataa tttml 
at 4CX>* tOQ« 800 m^ %S3m\ »QSp»cU<Vttly» i»)8 ^tttai £or the 
UBOoatod 0p@cifi^ iyi oid^Mifi mn^m tOMl&f «^<iitiqMi «em also 
gi¥«»« Zti tlio t€iiii^^a«wr« IW9» 400 • 800^c» tim ii«iil»t geAn/ 
titm lAeta sosia te iidlhm a iKir«lx4.ie rata iaw ia laoth tbo 
tKtce&tsod fliMi fiK>@t^ mmMUmm^ m tliia toaiaritiitfa rmc^a* t&@ 
ll ioai^ta ae@ta4 £42.oy haa i&i#ktl.y IciP^ oxl^sntlan rataa tlian 
tha laiooatad aliesr* At lOOO^Q i^a eofit^d alioy ahona m 
ms^KPMiM&iuAY per«l«iliie l>al»«^ .^o«r* althcm^i in c^ iaa o£ vnooritad 
alla^ a laaa in «i«t#it ia elseenrad « ^ ^ is«]r ba attsibutad to 
mptiklim^* Tim mii^t ^siA'^  /tiaia pLata £or aoataS and uncsoatad 
alicsfs aira ^iran in FX^m 4«ia to 4*3a» Itsa iS^ota l^r tim 
tm&mae&memi •i06^« $00^ «nd iocPc ara naiariy linaar* flia 
valuiiB o£ jiara^cyLic rata acnat^ta £er i^ioai«iata oaatai aad 
is^ooatad alioya at t l i^a taniioraiairaa ara i iatafl in fabia»4«i* 
iiha activation «&er0>aa of tim caiidatian aea S«80 » |0 eaiytoola 
end 3«S4 x 10 eal^ioLa* £or ptooa^ata o&atad « d tneoatad elioya^ 
roapoetivaiy* 
4*3«2 liJAIliilt ffMttlfl^' ^ i ^ t^'ai#t gam ii»« timi £il#ta ^ ^ 
6S 
i t Appears thiit Urn ooatod alloy mA^ma by ft Xl»©«r jr&t« imi, 
in^catls^ ill unititt^ rvttptod r^oirth o£ o%i<3@s* tsnfy^ Hici t«i«sGdt<aS 
alio]f oiddlvni b^  n jparaiaellc rats ieti, /1 ecJO 4i%^  tOOO^ C tNi 
pilota int^catd r^&&iv9l.y ho@vy %K3ifM iood^s* airprials^y# 
t ^ lo@3oa at @0O^ c ar« caia^  Iii^or t^ ian ot IO0O^ c« ilio shapa 
o£ tbo «iil^t loss eurva at SOO^ C shoms soeia typdyeal £@atitrcs9 
&£ flR ^ a4»y t]iiaar@Di£t$ seals rumtem ItsilmiM, tiy r&st<s e^da-
ticm (Hat to aupD&ttr^  o^ t^tm &xmii ^Lley tf» tlia ciddlaliif gaa* 
At looo^c loi^r ^^dftt Isaacs jvasuaatily iiidlcata ^^cdiar 
li@oliiit o£ tlia oeaiaa aitur gm^am^m Hi® valnoa e£ iinoai* 
o)ddat^ G» r&tm oi tbu3 o&atail aliogr &Km ^vm in tflN.a «> 4«i» 
4»3*a JteCiliajaBaltei* 7ifSiit«i <•&« t» 4»5a rajvaeaet i^id^t 
{pdfi V3* tlAa plots £or tbo liorata eoatad «i4 urwoatad alloys* 
.^ t 400« 600 wd msf^C0 til© ilots ars am«v»xlsiat#.ar fwralsollo* 
'&m eoQtsdl lOJloy arsons ceei9«i^VQly h i f^r csd^atlGC i^tss ss 
&mp^&& to imooot<^ alloy* ^t lOOO^ C a v s l ^ t loss i s €iSm<sspmA 
in thQ firat thPc3@ hours &t thm oxiaatioti rtm# ix3llmi^ h^ a 
%«aiiiit ixvormmm vitli incrsasing tins* lEtio Mii0t gainVtiias 
l4ots l^r cocits^ i^ci tinooats^ alloys ars 9i¥en in Hm» ^Sm to 
4*6d rospiactiv^y. itio valuigis o£ actlipi^oii ^©rgy ioc t ^ 
bovnts ooatsdl an^  imcoettsd alloys ars 1*3 le 10 oM/sols ai^ 
2*6 X ao <^4/Wil«« r€i@p9etivsly, fl^ valnos o£ tba iiaraboiie 
rmtm &3imx,mt ixa: the ooatsed alloy ers snataacisad i s Xi^s •- 4*1* 
B9 
4«3«4 ffMl<M TOBlilJBl'"'* ^ ^ i«ia&#it gaiii ¥»• tint S&0%JI &&e tim 
giv«B in £i9B« 4«7ii t» 4*1^ ir^ i^^ ctiv^^y* Sn tho t4i!ip@ratiir«' 
riei^ of 400 « Goo*^ c tim milim co&taA alloy SBii^ nev At^ pcosdU-
aatol:^ a parabolic ret© Im* uCt© fto©®c **« ©id i^itic© ratm 
o£ tsicoatttd alloy aro lonor thm that o£ cocitad « l l o ^ but at 
Dl)aocvoa* iit tooo^c, f3oat«c} alloy £olloi« ii#»Rly linear rat« 
Imtt th«@ iSKltceMiig t«%.tot«rieit|>fi^  ojEt^atice aiae to i te £oxmft» 
t;ior. o& nai^WotactXv9 osd^ £11»* Hi® values o£ pordbolic 
rata ecustacts &s- th® eoatod ii!id mMtnoata^  alloip atm fSvm^ i» 
T^ tail4 • 4*1 o«^ tho %i^^xt geixr/tJam lAots ^ o niirw in 
^m* 4.8 a and 4.8b. 
^«3*^ ;^^ M?cft^ tq nt'nttUlf * ^^ ^ % ^ ^ ^»ia v»« tmo plota £or 
eoataa and iffiooetcKi aUoys at 40O« Soo« doo and |000^€ aro 
glv€i:i i s £igB» 4»9a to 4*94 ra@i«3eti¥sUly« In tlie tonpocatttrv 
r^90 ol 400 - mo^C tlio €X»iit;€iidl Mia imooatiii aUo^ Gallon 
a ppoxieiattt pccaljolic ra&tt l«iit* Hie OKlOaticii rftUia o£ caoatsd 
alloy ar@ mae^ Im^os thm thiit o£ iiiiooatad alloy* Hid li^ aiglit 
o 
^Sja/tljm S^ot o£ 0)0 ooat;oa ^loy oiiOisoA at @0O C s^omm 
p&tm30ll& hdtmfiovir ttpto 9li« Bi^tmoq^am^'^ tfeair# i@ r a ^ d 
iscr<K)a9 in w^c,l}t ai^sifyiii^ a Saroak mms cMaation* £Jiiallar 
baiuivioiir ie cij^ ^svcia ^ IC9CK^ C t4i«#^  H ^ i#ai#t ^aiiv'tljatt i&ot 
•£tar 4li ixi^Hcm im vary raisia osd<kiti€o tyiteally of facm^ «iay 
or cataatioi>hi€ tyr:^ ^ of osd^lst^cn, H^ « ^ ^ faitiVtisao Hots 
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1li« oaddoticm Miavic«ur o£ m i &•& Cr t M (303} 
•tool ftas ]»^ i!i invastifcitda ie U^r in ii:aa<3i%ee of a viuei^ fc;^  o£ 
flpd G9ii<^ » ri^ iiaro 4«U irt»ifit a i&ot oi osciaa^cii xmtm exxmtmt 
vm tim^^oiri-Jam& isos the irmAmm od^t^ eyUoys* fbo oidaatice 
iMmpt AUieate esmua& aliojf* «U tsli^  d^tad ^ l « ^ aa ^ail as 
ut^ 'QOGtaa alloy <£;Mbi.t m^s^iie ball^ fvioiir in ttie taBt^ pscnttura 
rmcjQ o£ 400 • DOO^ C, TbQ silicate ooataad eUcy oiddls^ss by a 
Xinoor rata law* ^:^s|liata ooatad atool oacidisKa* Isy a paro^aoiic 
rata lisir up tso a. imamtmmm of 2000 c^# uihor^ ea otl^^ cxMstaa 
alloys (ificluaiDg ailieataa) orxt vaextat^ ataal oxiaisia by a 
l$jmoat rat® la^ at tbis t^ papwatsira* 
m ttia tais^ iaratisPa ciei9i ot 400 * looci^ c* tha ompasatliia 
^Id^Uan ra0iati«i€# o£ « ^ ¥aci<ms «»atii}ga la «• ioklmmi (In 
&e^xx o£ da6JeiMattii39 Qorosicm resistanoe 
ailieett* 
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Hm <^datlcR f<9o4e)texicii siiiWi^a icclUcatas thwt 
eentiy^gt mm^^ o^&atitM in t ^ t<gip(^ ««itre tmm o£ 400-40D c« 
a%samm.& ccmt&& aXle^ - h ^ bott^ eocioaicfi r^asistifioe at 800 c 
osm^&t&dL to othoer ooi^ tiAgt i^idmUcg tjneo t^od alloy* At SOOO^ C^ 
£tiD3^at0 cocitod stdia Ilea ^ip^eior easwooicKi emiatmas the» 
fci^^ tc^ 'i'^ y^ } £^ ^^ OAjor oQ«pm«3iits* Shis cMtpeet G&HUR^ 
im mm^rniiea^lf &t£M» at h i 0 tsuBna^ rettiroi pe«?i^ (i« JbAtlln^ 
filJlot iister£ao»» Uto c^ monetA oo^ s^ Liig ia also tiiaiiaally tttaibltt 
at t«aporator@ vmo 800^ c« tl^ tia^r ooiuititttQBtt of th^ csoatiii9i 
2kicrjDj^  {fill t^icr«o. i«pvid» asAisteeai in ttio fiosR@tiisn of 
iCdtoctiVQ lay^ce of F^HCrjp^ i«id t4i&*Gr |^» 2% Apjpiisfii that 
th«i oittor l^ jce oX e^^aix^^ m€ '^M^js^ ooaaie m^if^toa aisin^ 
<^datioi3 ci^ prc^ vld« » a#i xoO* eiaeii^tieally 8t6lii.e coating 
t^iicti i s oatidaticn rosistosoo* 
av^mm • v 
303 BTSSh^ 
11 
6a 
Vfilvns eii4 either ec«pm<iits mQ ^ktmmktM tst&tli a ^ ec «alt 
iatoraet lidtb &Ll&^ ^ £Co<3iie« OB a6Ctl«r«tead t^pm o£ ^ililatlfias 
i^idU^ is vmlvmmAl'sf }mmm mB liot o»e«Q«i<pii» tlm &K?mim tarn 
IvtdQ»lfi«Btl3r cc^i;«dM of ^^9^4# ^3^ c^y ^ a ^ ^aetttifi smlfaton 
of K# Ca & i^9« tiaci« VjjC^ • ! « * i l ^ o»fC«»8i«ii idoaselw ere 
UBttQUt m l ton 8iilfi<3QB ^ iiioltiii c»d<Sai c»r t ^ fRiie6»s« e£ both* 
Ttie hot oocioosidi} tisiialif weoemS* ^ & two 9tmm tmt^mMmoi . 
iisitiatico 9t»m m^ ttso sm>mm^^*i »tMy&m zn iiaitiation 
st&9o« the alio^f kotmB a ivotactivo osd^ £i in «iA tiiia is 
£oUoii@d i^ A smmmU^Btk otaga in tittii^ tua iBiivotQeti¥@ a^Aos 
ara fossaad md tM Om^cmSmum of 1 ^ eocvei^ bon sm^msto i a 
f a i t ^ H ^ <^t^tiim o£ init iation a t a ^ m9mi0m u^m acn^arel 
factoxa £^ idb @s nat i^^ a o£ tl^ io <la|3oait« oonisoaitlfic of th@ t^ waat 
ecc^ioaitior. o£ tlie alioyi valocit^ o£ 0Hioa# rai» o£ ^opoaitiegi 
a«w* « 
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pn!»€Bt mA^ mS, hmiM. Hmdm ®sm tte@ wo mmslm mid^s^wm 
£l.iudp% tl)@ i»il&«' w^mm^ Mem Um^^ m^^M,mm ^ ^ alJlot 
c^^m i/mm mauM as cx^^t me^* ^ * * *^^* ^'^ mmvmigltamA m 
.1^ ai^d fili^d&9 ^@ sei^siabitt M i^iof eatifl** for anei^stttt ic* 
ill Mm»,m^ i s ^&€4liM 1^ mmsM. mdiS» Sean nilof smii ^ a&^  
which pr«K:tfitat@S imm m^miem ^&m ^ !>««• el Mn^ Seep ^ <^w 4^ 
ti^ lit^H^t i i i^t«ellc^ 1 It06 «^«> @f® Urn mmm e^l&sf»< umt& £c»r 
^m liat cc^siDsiqK raaiatiiic^ ..:«tni»@ «^ t&l t ^ a U i ^ »&ro or 
7 / 
Gt cxiApart^VQly i&ffiffiiir h l |^ tdAParattiro 0tsn(mt& thm to 
rmiatmxim o£ cobalt b&S9 a2>4oss i s dut fx> €x&«ilt ^itcix or 
aoa to hi||3 cttctriltsa in th® alJlo^ la s t i l l aUtintta bet eolMlt 
bas<a alloys inllisoi have ltif||i«eh£c«iiii isentdBits* 
f^l)0 f i c t eiat fiebalt or nic^siai Mam jg^p^rAll^ y® t^ soeia 
esctoDt art aubjactiid te corfosicti loatt mtk^Mm mmm^octsaeem 
to t t 4 ^ i» t@mm o£ csoated «a.l€»t3S« )iaii8da|« mil mmmitetxsiemM 
uom ooatod «ui»3aralioy9 niiieh ladtar aMiiifi^ flnvironn^t peviviaA 
pgEDt«ctiv« oi^ds la:^ar en th@ allciy ooepsiioEits* Hit tt@rli€ttt 
csKititifi mm& tmem dtaiMa&A 1^ i n t ^ aiffusien of lO. with tlio 
alloy tso £61911 layom caidi«tlJ»9 siaiiily of iat^^daxitalllc 
isQCipoisias mac^ee IH^ 'O. lac ci»al. J^oe coati&tp «t liif^ t«mpas»» 
m^Hmimi GoatiHQ^ tdth ar# Jl^ si as^ I4 - si oa Hoat 
rae ia t^ t auiK^Qlloys bM be^m invostigatod ai ^ ^ l y ^ 1^2* 
ieciiiQC Qoatad idti) :ii shon^^ hiihest a t i M l i t y «t 73a^C is 
«ir« is oontact i^ith a»li oQiit4NUiifi§ 10 m& 4 | * ^ ^2%* ^^"'^^ 
al ooetifii; a l l othor oooticcji mMiatm^mt&a t»m to penatraticii 
o£ oonoaion ^odiwi i^iit»ii#) tii^ oo@ti»ff ^ tha allesr sitrfaea 
idtli cwipiltiiig o^ddaUoi! @t ai££ti8ion int^rtiiea* lei aUicson 
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<:oaU»g thidoi^itii* In alJ. case^ iiit«Ddiicti€ii of ii&« -t' llJd 
itite <sorffDfii«n onvirons^nt bus no &e lltxim !^£oct« 6B 
peotaets steals fsoca ov^em e&ssotil«gi. mffttslott ooatioes 
etsiDtt^^ni* iHbQ mrtoaimk rato of pvi>t«et4.v« oo«t«& ollGy statl 
in th@ uam mvis&smmt im tmo oc^ i^ijr o£ laa^citna* loi^ t«Hr that aof 
lascsoctQfl elioy* ^^taerttv® cioetifi^ on ISie 8t«Mi rtauess 8i4dl£iyr 
BY Gocxosicii rato e^ r^ 3cx» tiawa • 
itia chiRs^ tm stofldLd ao^bit good osdaatioa ro^otanoa 
Ui t^ BH^ JB&tatraa rant^f £ep» lo«f tiBpsratuiras to tiodavatiay tiifh 
teeipov^aica (upfeo 600^0 &m to tha £oc»atioii o£ siotactlva 
i « » « c o ot tuaoe .cat. tesoBtt. . . s . . « V * « ««•*«•»« " ' - M i * 
g t^ae^* m msitXasma eiaova J^ iirosanca o£ ^ffuaioii ooatlc^ o£ 
M <Xi davotB^vm Btem3La$ 1 ^ csocvDajyen rat^a acit li9mgm& if^ aanracal 
oipa@r oi. tm^^mm in afilfttr wRtMiiiM^ aDifi«on«i«ita* A aiurva^  
c^ litaratnro incHcataa tiiat fio lock hm y«st Ibaari dana cm tlia 
76 
Tl« Dock dasccllMid i s thla efeaptor a@tal« with tts« he^ 
csescojiiaei lagliavicair ttt Uiortpi^e fsoate^ a stool, in mmmmm i»i 
Umle •alt« vie«, f^&^iXi^* KaCl ac<l ^CJ&j* ^^^ S6te»& crtm. 
8t«wa s.pQeinoii9 l%c»m h&m isootsd id.tli tlito fiii^a of |iioff|liiit% 
6»I 
l e cr t @»& m a«Ml (Mai ae»^  speciiaaiis HQXO cut &xm 
&ti@ #io«t« iKid simmsma. &»r cesUngf* st<Mi tpsKiiffi^ iia naro 
oe»«itQa with thi& £iiia0 o£ iii03i4»€t.«» si l icett^ boratt, chuonats 
pnoeoaorwi h&t/Q e^tons^ hmm dQscfib«a in eliaiptor ZX« £^b9 
stottL 9|J3Cli»»6 e£ 2*5 n 0 X 0»& isa «SiMnsi«Kii mxm mffemtaA 
^OQ^ (Itl) • luyein^ s p n ^ ^ e ulseet eace yma tflit«D to lifi«i» a 
e^edy tmi&>iR eoatint «t cO.! t^ i© £«c«« o£ t ^ sixjciii^es* t ^ 
«pri^ @d apieiaiiscis i«Mr« t h « ic^t ier «oiip|«t« liHrsftug flRd ttmk 
«€d|^ o<U 2c ^Q^al , t ^ apiciiK»« hfiiS 9iJ.t ooatlBtii o£ «boi^ 
2 S ^^«a , m@ «eicj)ad •i^ QcinoBs H^Q I&UCWS ifi s U i e e laoi^ @tidl 
1^1^ ttm&i&er<3& to a lic^wxitQl tulsi^ar Smm&i^ sot at tlia 
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^Bkm ^M%» eool.@a in a dafd^eatior m^ iMiigh4ig« i%e hot <ao£s«)ftioo 
fttutHwi iidr« emsiaa out ftt f^nr dllf^ront tmmK^^asaem vis*« 
cmore* in scae cissas A ai£ir«K:t£«i@t^ mm also ttso^* Hw 
OQCdtittuftta id^tlfiod by > H ^ dlifracticii t«K:lml(|a« mem liMt&& 
^ msk Yanhlka r3«»2 emmxmt vaa usod for ei'^taUofreitiic atudltts* 
&.2«3 ^  §1 i^n ifii^iftai' ^ ctKsbeiaiptt m&ctsfm acMonis^  HioRMHsopt 
i.3 
terat>(i» i^ircnate mil 09ild«,ita» &wMmA $»' m'^mam (^ ^^^^^* 
tied, and ^ajO.! in thd tenparttttira em{0 o£ Toowfooe^ c* tlw 
IS 
coatiiiyii cc«itaix.ic^ aiaoiit 6 mw'cEi ^^ ^ tJ»Q sal t ia) i»aro c^sfUdtiaa 
laiQ si«a,4iia %?«3ro iolacod in aUico boat* atid Vare haetoa te a 
jiiriitoii m >^y t^ t^ Mr £or 6h» 
t.aca «3ii i '^a^ou- e«isi their d^rttiro^j «-i«C3L • ^a-^Jt'^i t.uca -f 
TOO « I000**c« ::J.m^i 9L^% indiCQteai t?ai<a(Si1; y«tri» t^iriis^. Sh 
oosrosaoi nm at 4 tAttm^mt tisai^^raturasi too* 600* SBo ar^ d 
XODO c^. ior a i^.rtlcular coating «rid in I'^ roaLi^ c© c»£ an ica ie 
s a l t is) £llm» iitio piot aa^ ao ir^uicato* %^<ht (.ains £Dr ir. in* 
coatcsa aiio:^ isot cor«oti®a in naeriy icanticul cMBditictia. 
incroasa ifi %*oi<iJt i s oiba©rv-.»d in a i l tbo t iva coutin^£3# iiurlct 
a 6h oDn?D0icn znsi# tha i:)att£3£n o£ i#3iyiu gain ix. di£.£0rcmi: 
csocitin^a a t tl4.a tiit^iXaratura^ ia as tciioitm i^CBi ) osdoa 
iu,CXX}i3) itioai^at# (o«oa:)23) etixtJCiutd CQ«0lX)4) a i i i ca t a 
tSiCoat<id io.OQOB) a i i i ca ta (0*0047) byra&e (o«07a3) • 
lam a ^vc © a ^ ^ e a inciic-^ittia tinat OKlaia iliaai^ate ami 
Gliroinata cx>at^ :!<S al4c>ya h i^vo ioiirar oooaosic^ rat^^a tlmn tha 
unosiittid Biioi', iSHi U» ijoreta cc^ itQL; aiio^ haa tlie hit^sost 
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isiisxosicfi rata at Tod^c* 
GQ&t«Kl alioys ei^ e«a«iy th@ suae ( ^ 0*0006 i^Biir} » d mimiXKC 
ttl. %6»^ C %ilth tli@@0 &t tOO^ C i t i s nctfiwl thi^ t, th« ineir^aaas in 
%^^t gayUi VQltioa at eoo^C i s tmch highar i2) esse o£ ftioss^tQ 
afi^  osdl^ coatai ^l.&^ oemmsmSi ^ uiic»at^ aHo^' i^ ic^ ro t or^ 
la so or virnr l i t U a i^^g* i& »^ ib t &«lxi* xtie t^«libt C,«UL& 
ir^ t&M Ice borate m& milUmtm &mt^ ollopi et $o& c aro 
caiaia«»i3iLy ioiier thaii tim iserrwipaKliiii; voiua* at 7oo^c» i^tve 
ehxmmtm mmiM ©lla -^ s^ona a i^^^t ioaa at SOD^ c* 
itie |tio6£bcit4i and ch»Qiiii6a ooatad all&if ap&BiMtem& ohoti 
tf^l^t ioaeaa at m^c t^ocvTaa aiXinatae mt& o3d#i eoatod a l i o ^ 
alkoif iMil^ tit gains o£ O«0I44 g/wr mA a«oolHI «/«• mmmmWmHf 
m% thia taiipar^^tra* 'S!be eoc^tapon^ifig tn^^jlit gain ior vnooataa 
aliojr i s 0*0024 fs/on • 
At. lOOO^ C tha OKiaa md elMEcnat« e o a t ^ ^loys ahon 
«pprac^«Ma i&ctmam in naight ^kpucl} t ^ ctkvanata ooatad alio]^ 
isidioataa noi^tit ioad^ i^ lowar top^offatiiraa (000 tm& e&O^O* 
J^ t thia t^oaparatisra (looo^cd tb© iKooat^ aliflgr hem a ionar 
i#<^0t «alfi (o*oouj #£^thaii tii^ oidMki <x>ated> aliay C&»0094) ]Nit« 
mich hifli^r titan tha etus««iaca e o a t ^ ^iciir (o*OQOS)# • i ^ 
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rm^ta m^eatm that 4n ptasMice c^ Iiiit2^4« ^^ dbx&tmm 
CKmtiMg i s faoat ot£«ctiifo ier «e»rKC»«lciii svotacticn i3itri3Q«s«tt 
at iooo^c* oompace^ t^ ottiar «D«fciii{|i« 
gain fftott §os 303 9«oiil indor a thin fso^Uiig o£ t^«2^3 ®>^ <^  
l&egmt i f ^ # t ^^tos ^ @oa^ c £Dr l»c«t» ana |ibe«i;biit® coatad 
i^OPct thMW 19 again mar^tio iB i»«i.^t at lOOD^ Ct ttio w ^ ^ t 
^ins ftt tills t<xst:)»riitsaP9 ora hi^or thoo at SOO c* Ttis 
tJ»ca»t«d ailiasr a^hov^ ni llHe plx^^i^ta acd borate coated allo^f 
at lQm\» A mm-p&eimm o£ the nai^it geda V«1«M» (^ QESin for 
^££air«iit eoatlQ^ %m6ssr ^^^^ ^^^ ^^ 800^c ahowa ttia SstHmiix^ 
a^ Kpaneai 
m^m iQ*0(mU ^ alllaataa (o«0009} C taicxiataa 
(o«ooi4) <;;^ plioa$b«ta (o«oo^ < i^90irata io«006«) 
I3)a aoquctaea IMIcatoe that a^Am aR4 8lli<^ta coatlnpi bava 
all^tlsr tettar corco3l.cii x^aalatiii^ In aa$miAam to iKoeatad 
e^ley in m:emmG9 oi Ba 00.. 
a t 
£t»ailiata m^ alilcata aaata^ idll<^ altow mmdmm^^i^t {ptiia 
1^ ao^c* :£lia mAM oo t^aA allc^ aaa iiiC3oat<ia allay l>aba«« 
alMlfiSiir* tliaira i s a ahmp liicr«:^ wa l e i i a i ^ fusii 7m » mm\ 
Si 
li&ataa alleles 8lx»%r ^aie0i:»tlcii8il helkmi^em! in ^m mmpmt tMmt 
tb&x stiovda i»ixiicnx» itf^#t ^«dm at Soo^c* € ^ y }M»rttt« 
(0«€iOX ^/tmh mci Q*A.m Co«oo33 i^«ii^ i%«t«ii laiosv lurvtt lonor 
^•3*194 Ffftrligi i^il yiflfifc" ^ '^ rcaa e^a o£ « tliis £iX» 
irna ma ^»'^ -*• ^^^sSL^ 
2fatA«i v^fjtit 9«i» vftlttM Cn/iBB^ «£t«r #li 
OEmti&m i :ii^^4 liOOL 
•IMMMMMIMn*m«lliMMWMM» 
J l^XMiSteeto 
i^UUlettiaa 
B^ratt 
t^iecMittd 
o«oe7ft 
0«002i 
0 , 0 : ^ 
0*GC»1N( 
0*017 
^wf i^lllUm'wIk'liw 
O.OIIIO 
o«eo4C 
0«0a3 
Onooii 
2fi ptos^Dce &t tim^^^ and M«a B4)£e»re* th® |l)OS!?liate eoatodl 
&lii»y iilioMi lowest w ^ ^ t gtAxi mtm^t ttio tbrat eoati&^ii in 
i^iifi «@s« tii« « ^ # i t a^Uii ia aluN? Imt&e ttien tHa c3Cii»a»pefi<Slii|i 
iNa.ii^« in k^tmm"^<^ G£ ^ ^ ^ 4 ^"^ <^A^* ^ j2r>aaitic« o€ Ka^ iJO. 
etiC tiKCai Nl2£^ »re< aiii^ata aid hoi^nnm e&at#a alleifs haiwe ttf^ igtot 
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ixiec»«i;€i3 sLloy* tlio i.a&@bt gain v«l.it«« in gcimmce &£ ^ ^ ^ 4 
0sm0K»m &i ^eu^M md Bed* S^tio ^amk^e la M,^$iM ISNA that 
dbtaH^ad £or lixm^^tt eoetiUiis ibttt wmsU Imi&t than tha 
Gesx®£»4.^ 3(X2^ lii^  valuta mr sUiye«ttt «P€ iiciffat« oontln^i* 
l^ots for «b@ coated «lioir»# in^^r a tlUn f i l e of I t i ts^ Uetur* 
of ^«2^l "^^ ^^® '^ in^i^iite hltg f^lfst wA^t ^dm at SOO^ c in 
till Imt thQ ehcixitattt eeatsdi uliosr* E^li@ %»ali|it cfiiii if»Li;^ a ^r 
tho ia»aoat@a iill$^ at d ^ c indiisatQa Xovoat wal^t iacciMei3« 
600119 all tb# oc»a.^ &0i« 7«l33.@ mgmmelwm tls@ « i i # i t p&i» 
4it^ £m Olif aroBt ooatiega in |3r«s<«c« <%£ ^%|^i* ^®^ ^ ^ 
a If l mixture of NagCO^  and NaCl at 800*'c 
'StMm* ^«^ght 9al» d^ta &>» dUfiMevnt «D«ti«i9i 
eftcar Sh hot CDrcooicxi n«i iit OOO^Ci^ cis^ , 
•NWMIIWMM* 
Cioatlii^e li *I**3 ii«a ^ ^ , ,€0«'4^ a£aL 
^ospbat* 
sHicscttt 
Qoimtft 
Ojddi 
0*€XH6 
Q»Q^$ 
o«ooss 
OvOOflSS 
0*0014 
0«0|70 
0<i^223 
w^ i^%P%r flkflilr 
0*0033 
0«004« 
0«QQQOi 
0<02l& 
0,i02|0 
0.10019 
0«00|l 
NMW 
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0»Mptimta «(Nitad alloy in prci^ n^e© of ^*2^3 ^ ^ ^^ *^  i!iiiiE%iiCi% 
^or«Pas borato cK^ ateid «l,loy has hl^iest t r « i ^ gain tthUo 
ODeipeeissfj with t^ ii«l#^ Qslit 4 e ^ In PTIM^ HIHSO O£ KAQ ifid 
ic gg:mmc9 &i tb& eslxtw»i c£ l^ o^ QOj «3d fiadl ^i«i 8«0D« end 
HadL iil.csii« imt. tiiia imma i« cmly Vary s l i ^ t l y imme then 
that ifcia li«2^«« ^ £11^^ a ^ AiiiealMi 60afe«d i4i.oss th« 
m& 9Uie«t9 oootad aiii>3f in i^ «j|<3Dj -^  ^"1^4^ ^^  e i n i l ^ to 
that i s ^a*^) "^ '^^ ^« in 9eii@r^ « the cx>at9d eUef* irtxiif 
tii^'iiit cM»ncii^ ton ri&toi at SOGPC. i:ho ist^atafi ii^loy ei>»o 
shoi^ s^xissuei Vttl^t 9^ 111 of 6*0OS fi/os* at 800®C oiMrraafemaiiig 
to 0*01$ md OvOPO*^  for ptiG p^liato ttitf siliottt« caoatad aUUoy 
ra9.p30l^ vol.y« fl^ liorato csoatoa alloy ^mm «^^|it loo^ i^aa at 
all tho tiMpestmms:m eSimm l9o\m "^m cmim coatad alli^ eibaim 
i«^#t iosBaa upto a tanporattt^a o£ eoo^ C £O11OI»M3 lay a €»(itlJi« 
tt&na iral#it ^aic iti^ so SOOO^ c* i?ha ehfoe^ta c»»atad allof aboNi 
a ccGtimaoiis msi^t IOM upto eso^c* foiloacuS liy ii>i^^ incroeao 
at highor ta»poratitiraa* Uto ialloi#iii|i tiMa awwiticiaaa tho 
vi^ght 98l» data lor tha oaatad «Dd taooatad aiio)f Is m:mmsm 
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trails I t^t^t ^ifi mm ^r th@ m,i£mBmt 
QSHtifi^ 
^x>siii£}^ 
aUica^ 
i£^i i t# 
C^y^QQ t^tt 
vneefitna 
Ili^CJP^ 
o^mm 
0 » 6 Q ^ 
o^Qooes 
0 « < » Q ^ 
a«@&i4 
^ * » * # 
^•II06?9 
0 ^ 0 2 9 
a«ii3i 
o^iOQi 
o^sesi 
G*Q{3€^ 
MmmU'm* Bm^sm^ 
&«os& 
0»ociii?i 
OiOl^ 
0«fi6f36i 
0*000$ 
i p j»Sgii.ar i n tMm mmmiit U^m b&m hmm liigNdr ma:mmlim xmtmi 
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rtm iKMSt^ is 3e«l® e^ ''n£iiattt of iMrly mij^xm tMek tihit^ l&s^ 
Qg (FaS*cr«Sij} » ( l Cii^ or iafar cunteiiis toa in which lneer|Dm»» 
ttgsUi seperatad £s» tlie sci^o ait@ to pollahiiis iirtl£«et»i* 1%« 
ii'ji;::^ thin seaid rmjimiiii Y OGiitttiEui f i C l . actd c^ iitHC tttsfil® 
throiHih th« poffos of tiao oxlao •caL« i»<l fonas «^C3l^  nt Vtm 
izt |JCM«ic« o£ l a {^xtiaro at SOO c^. (^Figure S,ae)i^ ifM#8 thidc 
•CQloa ccmtatntn^ isuo dlstifict lea^amm itt® isi&«i? laeet layan 
OQGtaifk faiacturot o£ cr23«# Wm ma mxm liis* ih^ oi^dr lajfor 
Is P04R»i@ S8d eocttaliifi ^«^g a^ JLaiea t^ith i4CrJ0^« 1!lioc« ia 
Qllof Ahsyif pTi^er '^e of Ijrcn ae^ «li0Qndu» a«&ii«!iM (Fig* %»90 * 
itxtsphat® eeatca i0i3«S &:%Mi, »tml maneoilm& vmOm • tttin filJi 
of I^Ss^A *^ @^^ *^ i:li@r3 i « scias pcuHamtiaii of ^m »@It 
ss 
n 
ifiTior ^tnltm X^f^ cwt@4aiii9 iWem*&^B^$ laicMl® prit le^or 
tiis* ilio mjfysx m^t, wtilto la^ r^ ar has ^9 Jim eaU^nmSL mtti F«£%)^  
Th# QBi Metairo i l ig* &*te) at Mtjuer magE^ilcm^&a ahmm thick 
ubiiMi laycici o£ F ^ . c r ^ ^ tdtl) groy f«& iiicliisiciHi* 
£tx>i9£t^ f^ t.o ooQtoa alioy oc^m0igA in :^ »30«[^ «i of Hua e t aoo^c. 
'11^ iimor poirtici} &£ tli@ «04d.a oo»iii»t« €i£ a &A^ vnii^sn. 
i ^ o r o£ gm^ nxl&aae ^t^ i ^ t ^ ii^ia@i«ii this ia ic^iNPijlaiv 
crjo. vith ieclusicii of ?aCi^ » ttia o«^«r wsulas «£• in tlio ioxii 
of i< r^^ e« centalniiig f^l^ l^ ji 4%^M««d and W^mAli^ti • ^)9 lii{#i 
iii3|^£iCAtiQfi sBi «4ctttr@ (£i^* i«4la| tOimm tbm mtgrnUBmrn e£ 
msalo ccQsistiiig i&cX^i^HhiMitd m^ ^ ^ ) C^«!0 GemttlmmtMm-
THh® ptiDtoeiiis»»|ii^pli (£ig» &*4cd &£ li«SI. •• oorsDa^S @lie«phot9 
eo&t9i$, 9lle}t B^ic^Q ino^tiir tiiN3 £^Bt»r€B« KMeh ti«¥e l>o€e ol»iiarMia 
ixi tJtm sHi pictiiro* "^ (seotratiQR of tti« si^t ftt «te sifffac^ o£ 
Bllo'se ifl d^asiy %doibl9 md this GoiAd havt raamitttdt in tha 
fomotian o£ F^a^ i s tho Si^m o£ Vliitd ccoa^titsuiBt* h^oCl^ i« 
aluQ a&aociiit^ With CTJ^J CtPS^ ) in th® itaiior isoet li^ ftsdr* Hui 
(MtQP mmt iay^^ cxDtAins '^AJO^ a»'iiliittt Bttmtk i^cdi ixntaiaa 
F 0 ^ . in t^  e torn o£ l ight iticlii@icii. 
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ilj@ il.io^ i s »«|iaratadl Iffoo the 3«i«la mm to ^olishiag artiiact«* 
fos*Cr.3« i»d «mt3r loeDiae «eal@ iictolsaU.^  conaiatit oi. £"^0^ 
•eperatoa i^ilt« lim^^ r la^t^rm eamtedm$»g CfaStOr^s^ fisiaE« 
tUtm opwtoaiwl ftilof a^io^ d^ep pam^ml^m o£ %l»i s a l t lutao tim 
iU t»a£S • the gm m-G^mm (£i9« &*Scs) oi iskm 
silicaiitt isoataa st^^a oecvoiiii i s prosinco of imo, mt 800 €« 
inaicdtot if«<3r fttratiliad Iciiy^cs of ^ ^ & & t^tb ixoiM^o 
F@ <0«,aiO' • more l& mma cr^timee &£ iioBoisraUoii <»£ H^e sa l t 
ttaroui^ ge&iM li&i»iiari<i@« 1S^ plx»lso^€e»^«lii (f it* S.S^ eO &£ 
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et&tdK* £tiis l& :^m^al34y duel 'to tiki pr^ iiCd. ^ 4^4tlcia ui, pr«i:l3ito em 
the £i<!3C%:rid ph«tsa« 
ir;t<2jm€^ m3l£ldB.'ciiA* involving eii@ Jkyzmcstioti o i Fea £ffid c r . ^ * ^t^ 
arfclfiicta# eotifcair* FOS.CTJSJ (vl^td) iric^ri-oratiid witrfi rat.Cgr@v)» 
ijaaoccid C90ir»>a@d borate CKmt^ idi 9to«L sbcMB a vc^ ey tk^Ln VB1£OX@ 
thick Nk<ka.9 ia^:jr oc»t«dri.i»^ wm md (fet, tii) s^* '£ti«i cmtiar 
gr^mmicm Q& n^o&LQ &ha,.}Qd a^icsmd iMmm trtiicb i « ymmmtMji csocrtaiii-
ixi^ tmrkuoB ni. ie^m mn nickel* ^l^ i^reai^ce oi; U>a£iC» caeiatttttopta 
&£ Um ixtrat^r csuat^ diio^ ^ ^ cQrxv^ ikKl in proa^i^co oi; | i i c:^ >iictsus3 
ci, f'QU'^ i. 43C^<1 ^^«^ £iS'X)%;s it^::!t: isost. acfli@ in tibd j^ c-cp oi; a i«tiitft 
tl'JjB ioy'»r jMri3Sits^ 4l3r containing i'a:,-..crfc4Jjj felUj r^itjmy) incii** 
sions* His otit^^r ^m'st sctilo ^i»l;>«i^^ ecctstitattoo ' ^ ^ 3 «^^ CirtK'., 
&*3*2«$ S^toifiig !^fyfi^'« 
(a) *^ ®3"*4 • *^*® cli«c«ac-t0 cos t i^ ©iioy ooncodod in 
pros<xice:i o£ a thin l*<^ ;5tr^  fiisa ai^^'& thick i^iltilcyerod wsoids in 
i t a *3t«>topicitoc,irat|3 {fii.«l>.7aj. m-ta scales sr@ aaparotoa £«t3ia the 
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l-''a.:i t«jd QCgi^ a ^ ^ ^*^ outor n»sii rsri.«it4.voly ttij.ck scaiaet of 
QL tha oiitor |iQ«:^ us msBlQ eotittaitis F<^ «f:iei (^2^3 £ollo«i#cl 1^ a 
ii.> igrars 113 tjhm ^x^i o£ anotttotr niD.ot thin lay.^r* 
tiiioy* comccittd ir2 ,>rasariCQ of l-aci e t Blo^c. Tha alloy i,a dotactjoa 
iixm th0 sc^Qics as iHi'licc t#d l:iy a el^evagt IB tha picture* 'Hm 
imnjr tnost scaia f«.iauaaial.y cotittdua cr^ '^p^ folloteaa by a t h i c k s 
iPAtidlci Is^ot l&rg^y coR£«lalncj of r^mBi^^ sr^fioll ^ l^^ a^O^ foxiaiiig 
t t e Qtit':;.»ff itoat iey:vjrt ©-^ itsears 4ii tfia Boas o^ dltftir^et attAm* 
mm n^-mtm:^csm^r&:*i iiig^h^l0 Qi %hQ iili<»y ^ifmm fl^t;acliad 
0ultJUay-...xaci aesla* 'itKs ^ray iiiijer IB^QT cc^^^aoa o£ ^ 2 ^ 3 ^"^^ 
i^iit# atsi^ika aa i-'aO.^  i&cl,uiiic»s« tbia ia loiiaiMKi by a thicl^er 
ifiUta ac^^a proaiso^^y ouf^ t^ air^ iiaii i&^if.m itia outor i^at iayar 
in tlio acala i^ot i.i..al.y ccmu^ja ilsi'aA^t i^dc^ ap.)Qaxa i c txm 
Sfjsm o£ a (Xtiri& hmm» itm aiioy s^ataiix alao m-imm aviddnca &£; 
j»ar}^ ftr®U€<2 01; ti^m a a i t tiuxiU^^ h ^ralEi botrntiad a^* 
so 
o£ tbe etyFa»©t;« coatad stoi l eiowm>&aiik ©t SSO c^ In iaK«taiie@ o£ 
2tl inise^ UTd &£ ^^^^4 ^ ^ ^'^^ ®^ ddtttc^ad £rQn the a l i i^ ane 
to 9Dliatf3iii$i MtilQctd* nii3 iim^r r^©ir Ci^ Q«ir imtil& la l e th^ 
£oi^ of & hm<i exmmiMixm Ml cr^s, ot tiio ciut^r riii9@8 ot thl0. 
band tOture i s a %Mtm tHxk €i$Memti,M3mme Imf&r im tlia foxm c»£ 
a hair li&o» vbicli i s f«clj« t ^ oiit«r »Hit t h i ^ leroise i ^ ^ 
4«} I^ Hj^ D^  «• ri9iir» S«8« fttiGtw tt i^«»0(|K«|ll o£ 
o3da» csQ&tad alioy caocco^ oH in immmsfsm o£ ti^ Ui Hi® o£ li«u^4 
at SOO^ C* iti® sciOii} tiioiMiti looim adb^rtid to the alleof hut 
dNitached «t scimt stacks* iSho iensr ^flt •^ ^ala ssemgmmlAf 
csmtMM& or^s^ I^'itii gcsfiifi t«ai tl'i@ out^' 8ei&« io peehiM,^ 
ccxapcissd o£ sro^ i& «hii^ ^^^^ ^ tM^mtmxmtm&m iSm sm 
pietoifi o£ the &Lie:]f (HQ* S»l3h} »hotee & thin imnst s»fit pDeqr 
•cal® ttctiaroa to tte alioy B&triK pR3t»«hl^ ' mtittiAmiMm ^ ^ 3 ' 
tltiis id 8<iparmt«€ fs>om a thick X i ^ t »colo hjf e Q@p* 'ite thic^ 
9Ctai,& i s that o£ :ii^. in «hi€fi aosae f^ M j^ i s incnrpoirdtdd* 
ri0ii£ii &*@e dhom tha cdefotrait} of m^ nmnsodmA 9Xl&^ at VXXpCm 
Dieitt apptars to bm ^t&amai, milH^tlmi ^ ^ 4mi^ im^Mm tha 
alloy* M^3 i i # t aiaG«%t4»ii;:^ *ia seal a ecispcici^a oi£ a stjefeaura o£ 
t ^ t a i^ as iiilth grai' ex s iccitasiaaa* 
2 t 
31 
eeatoa iHio^ (£ig« &*0^ ce«itiii»s SC^^BI utiieb CKmpriao of «2 
(at m& tmt^ pmist^e^ this is &ollmi->j& 2af o^  Q«itar sc^aa 
oi sao, 14th c r^3 , ^ m^ urn m^m^mm. 
o£ tsbtQ oxl<l» csn^ isitod alloy oa^ps^^eA ia prosoM^e ^ Hiu^^ «ti^ 
Had !ii9ctiir@i ©iiQii^ s seaLae In ttse fosn o^ niaaLy Mifttt^^od bmas 
Hi© iimcyr scale oe^prisss o£ l'sa*ar.$. an^ the t:m^at finals pfiD* 
baiiy am tains icc^ in utiieii titers «r8 siastiiOa iiMatnio^* 
i«4 ftiliiyiiMf4fli' 
'&:m l« t eofsoaicis Ibohavlciiir o£ ptiosill@tiM sHiCfatft* 
tx»rct:;o* ctixoi^ i^ tii a»d o^ddo coatud iet6«& cx'iisi awstacitie stcMil 
has bc^ ce s&ucHod in praa^ si^ ce &£ a Uiln fiX® &£ ioeie «&its 0*9*# 
^^*t^4' IJaat IMI^^S ^^ '^  ^*^ i&iKt»os o£ Had. c^ul ^^3&^« Hiu^^ 
m^ ^ ^ ^ 3 ^ ^ *^  ^ " ^ K^^  ^^ '^a^a* ^^^ *^^ ooesvMiiai was e«£xl«d 
CI 
&ttt ifi ^Q t€9!^ p@r££tura ircnis &£ 106 « I0£^ C« soLactin^ 4 taiBp»» 
rat»r@8 vls«« ' ^ t 06e« tSO ap<l HSOO^ C* for th^ ^^i^« £ ^ hot 
«3or»»8ion runs %?^ o i^u^iy &£ 4h aiiraticiis* 
ths tsi3i^ 7{st»A£QAad.gbt ^lir. |A.«ts ^ r ih coffsesioG rues 
ix^aicata s^vcr attae:!^  asa to hct coxii&siaci i» tito cspat^ as M l i 
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arielvaia ^ th^ voi^i^t gB$jR dete txom tho hot c»rJDosiaB 
stuaiao ©t tU^ior .fit t€«a Kirfottiriiat 
1} Ui Q<3i:-.:rsi« f;.ho i:icl: OD»codlu« rotaai aite tii^fHSt a t 
m 2ii m tmi cmQ» ijihtm&^k Qt ucsigi'tt goiiio* tKiiytit 
ioasos aj»i ol^ @orv#a« ^'Ms 19 t«uo «J«rt4ciiiasi^ i^itb ci^ j^ Pinaui 
o 
Coo-tiByB at tvi3i>3r©tairc» 6lj&v<i 7oo Q* 'AIIO iml^it loos Cie^ r' fao 
^ c i tb«p# 732^c)# f « a j m.tJ* a7o®C siMiwatteii) « a trO.^ 
1X2) in ,*iKiadnc^ o l Iia»iifc^ enci di0 [al)&tii.i:o oil K«i«i3L^  and 
KMil* th>Q .i;4x>£i.'-ti£t@ orated iyLio^ dismays b^at PBi:£os.tdr}Co apontst 
aix tlj=3 c»r?tc:^ "i ©iio^a. itja cx»rtoalats ratn^ ai?B altliar io«^r ttjsn 
t^ioaa o£. uoeocstcMl ailov ^^ ^ t l o i ^ t o£ rt@^xiy tb« mema vc^lvnem* 
2V) ijoret® £s;.'.* osddo <X'Qt«jd ia-Aoya hmfot Imt-ir cotst&ii-m 
yfi in Qai<ar©J.« tl'tot Goxneo&lack ra to ot tli3 o&&t-:ii3 aiXcs^ 
VX) '^e (i^ .t.iU.or} oi lioU in t««2^^ diCur^ ASKM til® cQSXQsXOi 
jmt^rd Q£ t^mQitm\.Q me ..er&m €»sit^ eiioys ^<im mt im a i l i ce to 
S3 
iVZX} Qs^mwt pliottiiiet^ csofftadi allo|r« ekl l^tm csoatod and 
yofsemtoA aiioys i^ ioir incroe&d i^. leocs&dioc rat* l>y tsl^ ttd^tiim 
in e&emmism rasa end fehci re t^s ia indaed lenttr Itii^ Uio r&taa 
(VIXI) '^ 13 |3hosgiia!£« a>Qt3d BOA umseetadi sliofs s^ oi? 
iiK!i?taso in Qorcofiicsi xrftt« on ftdciiti^ii of ^<*2^« ^ ^ ^ ^ 4 
ithar««B ijR aHiemm eo&t«d laiof ^ ^mstamm, is c^nrosicai m t t i@ 
(zx) ^t b4.#i r t«&p@ratitt£so (tf;«¥>a ^00*^0« in prascncGi 
o£ i*&2^3 ^^ ^ ^ {^ 3£tiu^ a&t i^€i#t Smmwrnm imp u t i ^ t Xd@») is 
notttd In I « i r i f i ^9a cuiBfei^ ar Q£ C ^ M «ipaei«iU.y ift i^ijecnat* 
cocttettA «lioy* iMs ia at%«ii942t@a tx» tim a.««« c^ O)^ £omm& 
standiiiit^ 8#V3ff«i ©tt«i^ et cjorcosiao In praaoiiec' of i^ iuec^ *^ Kad 
^^ ^ ^ % ^ > 2tiQ |8i8«S criiii «ist«iiilde stoal was 
cci£zp««a i& i ^ ^ ^ o e& « tbiik fiXw of l^ «2 ^ 4 ' ^ ^ ^ tsBpnmt»E« 
bi 
gmim o£ im « looo^c. tlia alloy ia o<»^ral.y eorsooaod at all. 
t ^ £t4ir t«apsraturtM ctieser: ior tha bet eoxtxmikim stmost* ^m 
mttm hi^t^9t €ossQ&im attack at ecso c* 
'!%« ae«i.63 a£« ssLatli^y thia& tf^a los^iis ^ ^ tx» 
tha outer aeaiM* it^ £GkU€}«ici9 e^dko^m ia p^ miSMMar 
0P@r^ ta«3 ^ttlEiii hot aersD^«n a t^aielu 
im thQ initiation sta^e* oKiaaticn o£ tlm itlioy oiscuss 
Q P »wu.iii.ii. •• aiMiwi^  c a r j o « 
j j 4 •• i " " " •"•••j» i i i o 
FaD'CrjO. I  ijii lFae»€arjjp|J ••••#• i 
tfaiiB in tliQ initiation Btmga mB&t^s^stivm itmar iafer o£ (FaO.crJO )^ 
ffaia i s £Qiioif«d ki^ f £^ im»r ffiaeticos o£ ^^ tfmm 
Bo 
itm t<^lo^iMig o-^in&imma €^gtt&&U/oti vaaeticns 
1% "-** S4 1/2 ^t'<^'«jf ^ 
2 caTgOj-^  Sfii '•""""•"j> 2 CTjSj 4 3at?j| V 
crj |Sj 4 Fas ' ••••""•"""»• F«s«crj|3j v n 
r^odu ssiam * ^  tv# vi «jd viii) -«• ocxs end xv) 
4 t i ix me IV) '••'"•'" "" •'" ^^^^A ^ 
Im sucii a sitttatioci« th« tiet oeirxoaiisii Attaeic i i i l i met mmoA 
tipE» tile miomit D£ ^^&2^ 4 eDd t 4 i l ba 8dL£ 8««tfM^»iii9. 
mvmtfsst the rsaetion K eac onl^ r pcpe^eiS to £o«ii«r<d ^r^oeticst 
tlcais V« VX and vixk fite i!4aeograi;h o i tii® «»or£»d«d a l loy 
ana t«» aaoQ mt^^mt by ettaeticii VI1X« f i i^r« S*$ svuRisflatji a 
aK l^Mniatic dlagroi^ @iioi«in '^ hot ooriso i^itaii of 903 »ti&^ in ^emimtm 
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^«a pmmttmtm t^ro^ ttio ^res i:^Jg ttm osdili acc4«» ^ ^ Ik^ii 
F e d . At «l>@ ia«fc@l/09ddft int^rfacop »ma i s olao ptti«tr@tad 
tf Had • i«^c^ — — — wfml^^ 3 iJiij^ xs 
aiaeULcsui ^ «t»(S KXi jwoeattd a t o«iai/«li<»r UitiHrCaieo aid 
XLXX. fl3» a . ( # «m4¥«d «G«s(e»«!3eLti<^  «& «©acU«ii» (XIV) and (KV) 
o£ Ui® aiie^* lit ^ 1 t«ii|!©ratswr«i ttiQ %M^t geta date iiidlcat* 
mmh fcif^bor ooeroaieii i s pre^diCQ of nsS^$ i^ 'Nn «GBpaxt3a to 
Mm^^m foJT @is£^ 4ci* tlio liBiQbt ^kim m mmmmQ of Had m^ 
lia^SD. aro 0«0046 ind 0*0073 g/cn^ r^a^^tival^ ^^ 60CPc* 
y? 
F©s • a^ —.-.^*«-^ wmz^ • a x^ 
cr^ Oj^  aa^ —.-.,.,-«-. acaeaj + 3/2 Oj xvxn 
it}® ra^;ctiofia t;-ri) to {.Wlix) cu-® cr-Jii^  i»oaiIalo wNsn ttia s or 
o ©ctlv^tna at tho s a l t / o ^ a * intarfoctt are . «^  ts^ iniftikm* 
tieu^-^ 4> hm:l m m gm-avelt tu& coxtxmlan ra ta o£ th«i 
a i io^ Ui i.»ra£i^ pce o£ I I I laixfciua ol ' '^--^4 ^ ^^ 3<^  i^i biofoar timi 
mlxtfures tha acaioa «ra t;liieK<.)r arul atioi* U<o dlntlsict icy j^irei* 
xoO..* ani'^  tho outor i,a^*dr trracti i s tM<^er mA amtmUm ^^o.O. 
i«Dfsotod the cjQrroaiojRi reta im i s ovidefit lay tlKj iut^ ,;;Z»el av&£i» 
datl<.£i -^hiei3 i s tsDt £oiicia in {jfu£&«» Sci&iuaa« reactions 1 to K 
taking Amtm in pr-Kasisca of I-IQJ|:JC.-*# tim foiicmi4Bg r<i©crti.£aa l a 
al£K^  cTKpjct-^ d to take i&aco «& ox l c^»a l t int«sfaQ«* 
rigiiSt £}*ll v&msmmitm deti«aatic ^agswi £Qr a«il£i4aticc c£ 
S8 
prweneo o£ ft thin filsi «£ t^ e^^^ alioHA A 3«4«y«ffiifl MH&« ia 
i^iieli tho limsr t ^ ^ i^tror cscsitftini B&s^Qtji^t al(!2dl« liqfar 
ooetuiUEiing FAS* mi^ MmiLl mmtmi$»9Umm of cr^i^ tm. 
eS. pb09Shi€im* tusilism mi^wa mdimtm pflBatratoi ^xmt)^ tim 
porstt o£ pbem^lkem o&MtAmq ma imamm a mikUaiBMxm att^^Uce 
rtt«etions as r«^aa@ot«d Ijy rciaeticm ZV to VXIZ« IHMlUum 
Uc» o£ ^8,^4 ^ ^ cx»6tlA9 lEUitofiais* Ke^ a £Mn ill r^aetlGii 
XZ alao Uumm FQm^ md i^U^^ ps^os^t in tlxt csootiii^ itetosii^ 
tiemtmaXt tUl tho wm^M is not ccxiayBod and MGia a€ i t i@ Z@£t 
ttODaactad* i^ faiis tts^ c^ ttcar aeala shoyld ccmtalft parU<^ata(i 
o£ fO|S^  md (r«,Ki) jp in r«^^* fh« lomettiaii e£ thia Zafar 
to 8£3iMi flKtaat £KO¥ia^ s lapotactioB a^aittat hot aeopoaicsii* iMm 
i s «¥iaaKit lay «he Zetrar caoccoaioii rata o£ liioaghaf eoatoS lO^ oar 
in oa(Bi|>a«iaon m ata^ in |9r$a«icta o£ £112^4* 
S3 
fx»cso^d i» ^tmmsm of l^ iCL shoins a imii^im gray iiuKsr layir 
feet oi Hiia to tl^ &lleiii/msti»^ $»ti&wimm* 
im Urn aUot# t2i@ alioy i« •€a»r€^«£ fieoei tlio oe«l.o ^Bm to 
usiisliiiig «rti£«E:^ t@« flio pr^ eiiiiOQ c^ KaO. ft^a msAmAtm t ^ 
eoccotficft «« i s 0«id^t iwtt ioMwipidkOe o£ tlio tkim <3asitiis 
£|.«gdii|i« tt^ ooc£«9i«i«9ii w&tm of lilie «Uci^ i«» timi&t mm wedaat 
oi me^iiiidti Isii^ yjr thm tho coisri^ PDiaaiiici tmto In M«2^4* ^>^ 
4^wci)&d iK«l® ODRtdiiis inaar uliitft ca3.ti@tcar of fm^QtJlt^ mA 
tim ont^r sce^o caitaiiui ^^% ^ ^ ^^ i^*^  iisoJliiitioiis* l!tu^m i9 « 
•tccanis iae@«iMXit^  of ttoo fVi^ ^ e^^  of fiK^^ nt tlio alloas^saao 
intorfQCQ aithoii#i i t tm» not lao^ e idoRtifi«tf «ltft«r by )i>niy 
aiSfraeticMi or cicf:^l.of9rii*ii«^l.y* 
100 
tii^ac^i lbs £t)etiDi!4aEt>|priiii0 tma th» sat pictiaros 
ifhito iimoi iayora oi F«s«Crj^j , 8daal« Iftywr #£ ^ ^ S 
(^t»it% &m/^ mo&ti # ^pafl; i£«M tiMi ir«acti.cssi Z te VIX and 
wm^^io^* mmitem tme^im mi 4- mj»^^ 
/Ig^ MOg liitb iReimieiHi 0f i^flag* SIM c«i!^ mmt mmlm i^ sicfe 
lOi 
mmmssm in tHam £off^  of r^atlvdk^ tMc^ miietiii It^/m ei 
f« s^l&^« thm ps^§mfm of a socxXKl |ifei^ « iR tim nitfefiir i» 
ettjeilnttad <» th@ pg&BisitmUm of f«8i« Us* ^«c| pmm^ae&tsm 
^twtrn^ smm&m oositiftQ i ^ t t a c ^ the dlioy fofntti@ i'^^j 
(«qiiat|Qii M to sail} • iiMiQivfirt mm@ of the siOg i s prnm^xmi^ 
into i^ ui aei^ lo i^o^f the ^roisi bot»a«ei^ and C a^i tiillei^im 
of i]?cii» F^it tiaa mmm to ^isr t ^ foll.«HiJiQ mAm In b^@ 
t ^ «iU.icdt9 a»&t=^ di elJiOf «orxo^ tod «t « lao^ hlglicjr jn^t thm 
i» praS'3C;ai of ^^^^4 ^ t«3p3r;itam^ hivl^^ tJbiO loePc* Thts 
pr-^ aBca of Mea laMWi iatotasal im&^ao £ocH»t|aii MI &i3®«»r«8d 
Ifi caso of »c»£t<K2 9t^ iA« ot^ <jctdb« tiie sidii foi^tttfas «s« 
tUisil&t ^ ttiooo ob e^rviad i e smmmas9 of l^ iuao^* 
•toil in mmme© of ii«i|^^ ia «e!i«Ui%A«iai2f mmmmt^ in 
fig* i*SI« ititt oosxodtA ^i'at» ooat^a aliogr abciMs « txiifoM 
tliic isr^e* at tbo aUey mtorfaoo (sut pietttKn) « ma thia liqiwr 
102 
tMs ia &iUmm& i)^ a iralaUvalir %Nl^ Ixtxt <li«ooii«i»«i0iifi 
ffii^Ol^ JL«y«r oi F ^ and iir% ^ V ^^ ^^^^ ""^^ '^^ '^ ^ 
Ixdrettt €cmtlfi9 o ^ m^mMigimm roMsUoea XttpriuMBtaM 1:^  vpMt&im 
IV t0 K« m@ QQ»«tlt»«fttft 4» « ^ Ge«eiii9 tlm «t«et ultb 
^iUiD.# fiiiflfie tim £olioi4tm jr0«cUc«i i«e^l»et«« 
Wtmjm^ iiism eoa«ilt# • S^i^^^ ****** Si^ *®'*' ^ ' ^ t ' * ' 
i i « ^ - ^ o , frc*, r^amc*. 3CXK Ilia 50(K « c « i ^ mi, 
ii2.J»Of Bu^ ueiic ^imm the pcr^ sMDiso of »««&• ffboiwS »@ooi)4 |Aia8« 
i s no piinasil^tt m^Maticm fear the tearsMiticia et th^ot li^eiaMt 
tiCMBt ^tmt <3fi tiNi OM»o«lfii riis« && thai huM^tm oo^toa fdioy 
us^ io ft t;0ip«ftta»r<i o£ 000 Cf hamm&Cf at Midler ummt^ta^SBum, ft 
ccjtigj^ffiblft inexwia^ in rfttft i« olBSflwadU St fti?$>fi«P8 thftt tNi 
in i»«oatftd alXci^  if}<i tgitm&i^&m m^ ^Liiisaiiw csotttftS «U«y8» 
1U3 
immr tmtikm amt&$M l^efstueii of cr|3|r«s mx& ^gSm ^^imm m 
oe&tiiii itetaif «@iicts t«i«b £iiua&^ aoct^ riSlfi^  I3& tiN9 ^stUmting 
JMPif dIfii'iKstififi «i«lyeia inaicwt^e tim pe&mx>cm o§ 
l^if ^ O^ liuS F^aio^ in the ooatlii^ an vaLl a« i» tim oexsiisiGB 
psroduet* iMs i^i@iis that tItoiMi coostitSMBts mm$gk mi^iix^mA 
Had « 1 ^ plM»«flnlcio{iemib «»a am s^ctmm of th« 
chSQiii&tA ix»atail ayUi^  o&xxo€l9d i s i«^s«ieft of U9iSk mt eSo^ C 
iihoiis Q g u t iim^^ i^isr of ^«^i ^ ^ t9Gl| indtiaicfMi* in tiw 
SGxm o£ tHie i^ Mttt Atsipt* lti# emt^ r «e^«i uNU* i t tHslkmt 
104 
disUoct Iti^iosm iti«i f^xm^nxm oft tht eUey Rftt«Ut wbmm sewBeB 
3ttacdi in tliQ £c»> o£ malt pmetiSBtism ifisias cto alie^r* 
prrjMficd et t i l iiii$ctit£9 of Um^m. m6 t^ea isl»w« nnltiJic^MtA 
ar«s^ Benimm h^ a aataeissa tMe^ lai;^^ *mA t^mti^aim v^^si^^ 
idtb im:Hiai€H9 oil S'm m^ ^^y ^^^^fiv ^^ ^^ ^ mvpma^ in 
£li« turn o£ oiit^ faost ln^afa in ^^ A^ SO^  aD<3 RaCl cocnoaid 
9lU^0 i0 iic^ i^ ftlMA in tti# lad^ aiitQsiMPi* c^ I^M ^ ^^4 «* «^>ci 
inn@r is]r©s« ci£ t^ mtil& iMM.mktm *im pmmmcm mi fmci^m 
alloy i s «ivi<^t by tkm ^gem^^t ^m&e^m ot iutmmtl mHiM^blmk 
^«9^A * '^l^ um 5<t« ahoitt tlid «ict»|IS«f^ o£ t ^ o«ii3« 
iiiClii£iic»ftt tb@ o t t ^ aealii ia t ^ t of Stt0« in liiicii f«tj>« ia 
iBoi^ii^istoa^ mtoinal fl^ii(3ttyieii in «llo|- natiix i& tlm 
notodt %%» $mt stetttiTQ 9i,m ^vm mam orioois ttm sam Smmsem* 
105 
i m t t j i i n iimnatriliurt f^ i^tf&ttiBii isltm tttiHItt niniiiiiiii ttnA tMua 
M M I m.iai>jai. tmtftmmetk m i i ^ l t t y ^ i ^ i i i MMNBiiMHI i||bM|||Aii| ttg|t jkn* iM|y| 
MrtwisiM iMMiii ^wtffiifiirtiii XHMi' JUiiiif tyf iStJI^ l im i l l i i i i 
tiitte^iViBi In UMI MiaiMKialia 
:|lltt»Jili« # iSMSi * i te r tfllltili I M i a f ^ ia,|<Hr tflMMBlMI i S 
^v^tt^^^ftft iiril ftft]| sA^M^^B jifcH l i ^ E ^ ^ n ^ |M?| _ ^ b ly^MdP^p ^^^^^^ ^ ^ ^ ^ A ^ ^ 
* mt 
Nm mt oamomm mmmBm m 
108 
CMIMrflll m VX' 
•• I 
flMidft XasMir idiifili' 4s 
^inPV^VMimP ^F^M|Bj"T^^*' !P!^ »^ i^^ ^W»^w (j^ ff^ r^ 
WtA fllMiiAmA, flLitt'tti* ngiiyiig^ .||MMu||;g|tt g^ aMiifiri tutt gMih 
mtnliirrti ttf ftilMiiii^iiit ««•«• iRJt flftd li>^ ""^ 
% mm 
tW^GBf 
107 
mm 9nmA0 m^mas *9B mmtim mm m $mmM0m Wm tut 
iMOCMBJUi WMrtiftai CdMUPiMt 19 • 
i|k'4ift #MilsoB iNMMfti <iiiNUiii% MAdsMNH^y pHif tuiftii 
M M A * BBBWlAi iWBty SMMttHI i n f IMMlSliil iMNIIil DiMlillBlSa ift 
.mp^piwilip^Hr (jj^^ffT^^"WPPTMWPF • iP'wp^jp ^^^wpi^^w^PMB^p ^w^^Bw "^ •^^ pw^ w^  ^^•^mi^ips ^ • p p ^ i r ^ v ^ w ~ ™p^npi^^^wp-TiPip^^*^p wm^^ 
fhft HJlfmillUli OC IIMI' flKHMBlL tMMk ijB ttt IlMMIisiMlft* iti^ 
^»i«i« tTwrfniii fffifwurtiiir Nui« MMI c^c t^ii n 0M» 
108 
i i i A i i ^ M s CBoiBifelM OMffeAjilii. iBiA c^iHM|||||t|^. ^ iMui i igi | i i^. i i |uf tiM»^  
mmmimmmmmM Mmm M § -HiiMitetMMBil JM^ f f i j i f l f MMttetiliiAB | | # JM s^J. JJiirtti.Jjjli mam 
<Mil& l i l i B fflllMI SM MlLja&A A £ INMHyitt tmm/mgmiamtMtjtmm i infftn 
e £ ifettt S I IH iyHi t t i * I I M I Ifit Iffr - ttBMlydl MTiniTtlMiMI ti iM|l 'AjitjMJ -tm 
ni 'f , jBMBtBiMppiifl i t t A at H i l l iMttk i i ig. Mhitt i b M i i u i t ^ l i j i A i i i ft iMiik 
IWIilUlfltriiai *l& I^HI wigagyiaiA tMHgaMMMigttMii. « ^ iaarii jgMMHHMyLMii 
ffjhifc iMPit.- ||g|n|BA«g| HMgHp |y||M||( nnfe^ |M|A AMMA|iy§ Aju ^ j^j^igM^gn^^ig^i^ mmkM 
109 
mi§mm% mmmmmm «!»»# •iOt Wh flit iMi 
•tt Mtitfl trilii « i i Ml Tjgiitln fUNI jMiiiriL was lnwl tKM 
Xbil MWRlMrti ttPHejIMiMI HiEII -ittMfltfVi 411- StO^ WtKkt 109 
ig^Lka^UjiA l i i . t i | . 1ft — i ^ fk i t ^ m M g y i M|d|^yg|||^ Hft l l t f t 
mm Hiin 
• • M HWlUli lilUMI • i i iWMti ,ilHMiiMlt A 
110 
IHESLm »-«a-- fSii M i l IMfiM itt I N i i * • liMNitflyiQ iH llJll ' lMIl 
l * | i | | iMiUMlMlb ridttMiail£«iii<ll^bil& fliil ftJl §Qlf I t t l * ^ WUk j^gmmmmmM 
itiMiraM MMHSMl t^tiutf' .iJWiiiitiiMi i i ^ liiiMii In m i A » #•'!«. iton 
jMWim<i»*Ma |du l i jMuMfi liHu^iMMii mmgm .a&Mi UlsmA l i i 'ill WAL. aH 6«iili 
pp^lP^WP'WBI *pMli^W^|P^ ^I^WI ^PI^^P '^^ ^P^VHp ^ ' w ••Hi** ^W' 'iw^P^^Pp^l^^Wip pWNiPpmnp ^IWlP ^BWMw'ip "wHIJP 
aiBtii.jtojyijMii |[^«bpMyM|| MMM PA1,4A A iMgA l i i i p f A j m «iHtt|pyMi n M ^ g ^ l i i p 
^^^^W^^F^^^PP'^^^^^^^PW ^^Pi^^^PFP|P^W^^^^*PWF^ W^« ^W "^^^^^^^ ^ ^r !^^ ff '^^^I^PP^P ^^^^B^^^^ ^^^^^^^^^^ ^W" ^^^^^^PPPPPPIW ^PI^^^IPP^P^^ ^I^W^IPf 
JBH U M I JScAJkBHifiii • t i : t lciL 'Ifewi f l l U l B €C ti i i i t iMff* 
"^^^^ ^^ ww i^p ^^"^^^^w^^w^^^"""^lf •^ ^^ ^^ F^^  •'(^•^ '"^ n^ip^  "^ H^^ p^ i^ H "^ Hmir^ Mii^  ^ i^ WF w^ P^B i^ppppppppppKpvpiiniPivp 
| |gMrf[gj iM| imgm .Jttl|MpH|ii|i i | «HM[ttj^yMliMU| H M M ^ JM!iiiiiif8<.iiimt i |MHMiPii i t t .Wk 
•^^^^^^^^^WW^^PIF ^ ^ ^ ^ ^ I P ^^^p^Wi^^'^^^^^^^^ ^ ^ ^ P ^ ^ ^ ^ P ^ ^ P ^ ^ W ^ ^ ^ P ^ I P ^ P ^ ^ W ^ P P ^^npPv^MR^HHp pPM|pippHMVSiVMINP'JK?p 
•#iti«t ilHWiitt i i i l l tr ' tifiiit •#!• m i^n utitiMi uri^ iiit 
^P^^^^^^IP ^^ ^^ ^WPPP il^ iW^ '^^ ^^P^ ^"^PPP B^'^ P^BP "•^^^^^^^^^P'^ ^^P^^^^" ^^^P ^^ ^Pi^ p^^ ^^ ^^ ^^ p^ n^ip ^Hipp^ JPtPH|pHH|i PM|Hp|p-^n -plrPlMSmpHk p 
.^k^^ Ilk .^ihf ^Hfl^KM^^Hfedte jik^^^p.tf^^tflM^^bflflMll^^^k 'WMH ^ P - • - ^titHflk ^KlMMfc ^^^^P ^ K^tUUff^^Ht Mlfl^i^k 
^"^P T|F' ^^^W^P^P^^Wflll^^P^p ^^^^^PSjj^B^W^P^^^^^P^P^p ^^P'WIWy ^W|rlRP' ^^^l^iP' ^W^WPP ^BP(P||r TBWJP PIWBUP 
* ^ * ' - ' — 1 i^ i to i j^ iK iBi fittf pBAPiiMii i i i iJLii p t e i f t . i i y i A »•!••• t ^ i » JIMMI>JM^. 
I l l 
jdyiiMia^ MiMttjaji MJUMr liMMiiii iilMi axiMMMiiaiMyllttii iftJiiL fiuf <iii» 
attafcad flttd imimiifiMl M i d i tfi^nl i i l <iBA.« iHH amA-iUtri& a m 
•html itt ttoi* Sttitt i 0 AftAitt ' H n UMAiMii ttf lairiMLjIs I M A 
<BIIMMMII(0 tftmtfwl iwtM SIMMA^  litaNM IANMMP 9iriUhMs3kHi 9MlMi VbMi 
^^^^PIF ^^^^'^^ sj^^^^^ TP^"""^^^' ^iW^^^^P jBPPMI^ l^Wip w'^ WBF^PBIP^ ^^^f'^I^^W ^^^^ ^^ ^ ^ ^ H ^ . ^^^H^v I^^ P^^v ^BP^^^^^^ (^^ B^P(^  
tt 1 
m^mL I M P iPk iOBT CL t t e HHMifi i « PPPtoPPP* tttt Wt^tht wtdm/ 
P plPtililAlP HAdBtslMI MhiMlPPP I I I UMI tMPi9PPif9Mlp MROP 4Ml 
•^^^ip^^ ^^^ PI^P^^V ^^ ^^^P ^^^^^^PUPMHPP^^PPMP ^^pf ^PPWM nl^ ^PPPPJi^ ^^ WIPBflBWP' ^HP^WP pv'WiM^HHH ^pippPRj|ff|PF 
MMMMMi AjjitfftMSlui th-ati tiui I M I M I M MMMUPI al I M P MpyHlMMi M I A 
^^^^^» w^l^P' ^M^^MMRK^^^V^^PP ^^^^W^P I^^ P^ p^p '^ ^H^mR^WPPM' P^^^^PPWPPM 'MMSPPIKM ^PMmPPPpPpPPIPP^ TPWP TPP 
112 
i^ Ni fwiliriii' <ii )tMNi» mfinmifmi suMlIci* iSMffiMwi lilifc iS 
im^m^i gmH MSMUhi MMMii niSA i^NMl HMMP H iMft IHiiyii 4i€ 
nKt U P MI i^'wyifi •uniiPiPi .m^ i^liife mm^ IM» ^gt^gmttititt^kgiiiuAtm 
iiteiBlMlHi iMi^pA p9LlMr« itt i i ^ |y|^g|g|||||||m_ n i^^ i^l^  i|Mg^  MUFW. 
IMP fijiMpp ipAAHtt lifeii iMigtmiiwiirtilin IML.fliPMMi. i^ypnii i l jiiuMriL mem 
113 
mmmmmmmmmmmmmmmmmmmmmmimmi »mm*mmfmmmmmmi*mmm(mmmmmmm^mmimmmimm: 
war f«i 
4«i 
# « # 
• •§ 
« i # 
4.«t 
• ^HaJUJi ttMHlMi. iBiyy^atfll X B iMMBHiM ^ilMdMH HULA AttHlLa a ^ 
iiMi iiMirtit 'Odyi^liDiMWiiaiaiiiaii adl Mn^JHit iBittiai ISJLi^ #*'Wk 
III M,,.. Mit...iii , i i i jyfe??; ^ 
•««MIMMM«MM|IIII«««MIHM^^ •mmimimimmmmiimm 
*w^P ^ IPWI^ P^wPUr 
114 
m%mm griMHiii nit i i i i ir **>•» m^gmm^ iMlAdMl iMitt «A|LIHHI 'lAtll laesiMMyyMI 
^ i 
<Nifik in nhfianwifl «fe s aii% nifiiiiMiiti"itliiii &i I A A M i ^ i i r * MMWMI 
"VMUMP^^K^ llbillki^ki iMteii^lk^^MMk A' M ^^mini^^ ^l^hkMJili j|ll^^lg|||S M^iijib jijii^^gi^HuttHyi 'Jl^^l^lft i ^ A ^kdih 
^ ^ ^ l i _ ^ __ i^^-_ i^ tta&iliifc *«'«Mfa**> fli iii.ititoaiMMiii j|ggy«||||»iM|yg|g. j y ^ 
mmmmmmmmmmmmmmimmmmmmmmmmmmm^ 
itttM tormix€ tiMi ftt • nuNNwiitttiwingiiUMm m-'m^ mmm^-
#iiiitia< i 0 ilMi diJNMilBlili iii^ liui JLiWHi MmjSMM mammMastMjttk 
115 
««§ m^ta^ an tee* flNS nw^c, wmpmm'miiw* 
'Wl'^BJf^^Wr ^P^i^P* ^IP^^^^ifl^d^^W^B "P* ^JPP' ^^^W^P ^f ^nMPI|F ^^P^^W ^P^HB^(F ^ ^ ^ ^ ^ ^ W I ^ W ^ * W ^ ^ ^ ^ ^ P '(P^P|HpP^^P "^ ^WPllBPPPWw' fM^V 
tiMi fMriNtf |,j>*MiMW8iiig' aipMnfiiPt trUi t^utti atiriiiPirp *»• I M I m. Aftpianii 
dvldfleMBMi i ^ Pi.Mtetjftjji etf AMMpiidLtM CiiiMii ifupurl 11 dl luppliiri & 
EPMlAllliy^MPlM.ir flfcl'i ' l f t i l ' mtmmatMutmm i » . t s i l * |[|||y|gjL Mj^ti |irl M 
oM^bflfi aii^fl fllMiiii ait KMrC MNi t^tb9rC itsdSPttM'Viitir jyi nrnpiPiMiiPi 
p% doePc ^iiw •diii&ap m « I N M * M i tnlftMMi l«8it i« prtMiit 
116 
mnmtmm mmAm lT«l1fliilMliillllT AitttiilMI 9tM H^lll #^lMlilUll£i^Bei i ^ 
1 fiiiMrrtii #<G tfid €2fJi. ittil ihA «Ni^ iC' iMtt kwsaUt OMiiiliM 
isiNMflMi' liitti iME&iMiiiiMBt l(Miiiiiiiaim« UMI Pas i i i 4Am^MtbtAiiM 
^ritiffittrlliitiitta hiali i i i i tftist wMMtst iUF« Ci^Mimifty FiLJIb MBd IPBJ9>M* 
fdacMttwii^  i l l IIMI w^oiuMtiiiA H U J I MhiUndA IBtm fflngiJttL nJiiimni L^ 
117 
MiM,Ac nhm omuMP liiaNMr fflii*ii-iii>ft'^titiHiB^'ft»qit'itei tiitigih mm 
Jtea^|Kggta|Aif igmiumAm fMt t Jtt^ |s||i| iM I lM f XtBtiUKlt ttlOlittltt iNkJS^ 
«tf tifcib-dattM • l l f l fill f t m i l I jw^l f i 4 i t t i f i l •tti i lTll l i f MMNl JSBEHMIiMNid 
«fe » !** mK^Uaiyi MnmmmMmtmm | | | | | |<Mi|t | | fGluMllftk 
•«i . H M S M M 
^Mitt/I^MM nSttiyi jnefii ttagwdJlir mtmtiba^Am JBK>' >nTrilBitliiit"iii Y lIHilto' 
Siiiikft ''df-difc ^ttft ttkJskikflKM^flt ^'jik ^ft'tflik^M^ ^j|fttfMft#iAMGHtfKittiii^^M I H N I ^M .^tAtflk dIfeMMyik ^^hJft jRhjum^WiMi 
ff^'IWW»IIP'^P WP^* WP'^^^P^^^W^ff• ^w^pt ^^w^^E^IIWiP T^^^^PPJ(PTI^^P^^^P^WWi^^^^P' W^W-flPH^jip ^IHI^np.iV ^i^^lPwl^ ^BWi^^^ ^ ^ T M W B ^ '™P-
"^^*^PI^»PHPI^ ^ P ^ P ^ -^PifP^BF^p^W^^PWP^^' mp- '^F'W^'IHR^WHF-'W '^'W^' ?^^wnp 'W WW P^p!^ «VnHRfmM|P '*^PPI|P 'HUpwipipriBIHIWiMBi-
^P^PPWfr^P" ^PFTB^BWI I I IP niffP'^^^'ll ip aJP^BIW'^PW^'PlfcaB'^P •^^^•^ipWiPl^ l f f^HIPr ^I^PPJBfrjp T W ^ P - TJWIPPF ^iPpW?|p- ^ ^ ( P ^ j ^ I^P^PI' 
A* flfiik C! 'ft I tn i f i f ' l i i i i i i irl miiT i j i *"**** " ¥ I M 1 I H M * nndLttMPi iiii 
• i l ^ i s i H i I'lMiifiiiiriitiiiiPiB S£ii& i B w b * A l UBm^C t j i * , iMiPigjl M.l4iir 
118 
bMi MiHrti awEMEicor ttftcfliiM4flB fliMd^rtSflMNi VlMB IMdMMRMI i n i i i l i l l 
4BMI «> liSinCi llht <Wrt4»ti<ti 
iriiiotimni is ilifMwta twnttiwi i£i immii"!. I'm %Rf» iMMMlii M ^ 
mmioi^mk wmA-tMmm UMI tiit AHA i i t i l Cf«l9l« « inll • t)m 
bMfcttfr ttiiidfti^ttk yiiifi#tiMit*ii of iMirit i i ttiA luMiMyii i i i i H i i i B iA 
Of i « t . « ^ l t & t . | « i l i l l f W i M I • I t t t t f i t m 1 ^ #9«yiBli !§>,?/» Cr203). 
Afc M fiKifeiflAli fldBMBlyBiri^Lm ii£ <>*• «fa • t jui Mt^tm £ A iMnfaiMu 
«i liiiAli Hio mi^ «iiS» i» iwrtyMai daeff^ wiit 0mMf « i ^ 
119 
^^MHAiui «tf Mjfc flfe jf^ Mp ilthm I M ^ M M * ilitflitiliii ai** jii|MiMMriU| iHunkliMiii-
pAMWMi tt^ijbi Mtiiiiii *—" '"liitriBra^a•!Miin 'iMitdiiiit e^& 
liiaitiiila **''^ fc'"^ i^ lJViF faHi *i>* jHttiiiiiHi iiiii"finiii-iilti tm-ta ^n^lnriiMl 
Silt mmmmm m n t ^ ^ «4s««NK«nMBi«B n^tt imn^^^m 
itilfitt lilUilt flMSaiffill jiwitfteAAii jiikiiiM^ M^iMr^ i ^ » g||uMM|M|g|Mt. aiMJ h/ummiUk 
Hit fflJUl mm^ UNA «N»Pe>iti In JPIWMII^ «M m m^ 
12Q 
i^entlMdl^iittl iJi i * m t^iBSt Wm^aSiM- IMEillC iMNfe 4i.iMiii»KiiiMa,«iiiii> mrrinani 
ti tf pnTiliiil 111 H I tiMi iMM «€ ilui iil.lii^liMfi iwiBiiiiiiMii 
t« • i "*• "^'>" wm IV 
v 
fi^^# ie - i - - ^ mm • e&g tfn 
121 
tHUl • aSg • © *'•>'"""•> Mm^^ ZK 
ji*igt»iiMfc iKiMMBiuniilsiiaii ttf UmmSt&M MMEIMMI iMifiiiiitiJi iHhft £ • 
nauKii^  iiwiNi K^M^MP isstwciit M ttMNMioitaiCWiil lit CMMI IHI a * 
•
MiAuMwI^M M^igmmm ffttHtttWUltttiiMf Ik « t i i—ttM.^ nnrfyiA A M * <•«&<§». 
^liitiflti mM iihiffii.[rtt •*****^ *^  ailanr* Xn tiM ***<fc^ **i FtariMiii tste 
fUMMft —*> *** QMlMliHiElfFiFF titCOttCil ^^ Mfc iribMOBAtM aiiMfeilUB l i M HMilt 
^•^^•F^ IWiP ^^r^^^B^^^^j^i ^pp^pi^^^ir^^PP^iV^^^nF' ^ i ^ ^ ^ P ^ ^ ^ ^ I ^ ^ P ^^•^^W H^^^iiP^^^^^WfF^IF T B W ^ ^ ^ ^ F I F P P ' F W J m^^ lFp ^ ^ F F W ^ F 
HtwJY iM^ltkt^bm aiil£idai^&flR rwiiFitilffia 11 mA Zt}« jHlui^MMiiily 
fl«tteU(«s UX «e S9I ^ M i «aim |t.«e# «l«gm miili «iMi iQlX«Myi»f 
«M0U«iMi Ft tiiF «u«|g/;iMi.« n^aiiFoo miim ^m^ initial 
ataciai oi- am ffltlaMtiH 
|»«>(l&wai«witii##*i - ~ ^ »r«t4^#^ 
122 
tieik ooastti^Mi 'OondildLitt All 90SrC ifiifliirnnnii UNA tBMtotlifiiif flMi 
^i^WI ^ I W P P T B ^ ^ ^ ^ ^ip^^P ^i^^^Br ^^^*^^^^iBHr ^i^'^l^^lBilpllw ^pW^'^^^W^P •F^^^P^pp ^P^W^fc'Wi^liP^w^^Hp^ ^^^fli ^ P ^Bi^wm^W"^IHiw 
in iKiC¥ atftfiMi md i^ iiifidE nprom jwcriili i^ op,.§,„ mA Wms tasm 
Wf^F • T W W J j • ^ l l ^ n « B P I ^ | p ^P»W^» ^^P^BP"^^»W ^ ^ ^ ^ P ^ ^ ^ P P ^ IPF^P^PV'^mV ^IF^P ^ ^ V k H ^ ^ ' ^ H ^Ni^WPt ' ^ ^|^*iF ^ ^ W ^ i p 
^P^^TP^^PPI^^^^P^^ ^^Wl^PP I IP ^W^F^^^^WP P P ^ ^ T^P ^"^IP'BI^WW^^^^PI^^^m^"^ ^P ^PP^^^Bf^PPIpi^^^P^F w »^»P< flP'^W^^^^PP 
^p^P^P^P^w^IP^PWP IPHPlllr^Pyp ^ P ^ i W ^ '^P^^W^Pip'^'^W ^p^^^^p^^^^^B^^i^PW^^ ^P^r ^^WP^P^^ H IF^n iMPPP W 
TiPTHBP^^ppiP"^^P THW^F^^P^^^^W^W PPPP^W^^^iB ^^•P^^p^^^pp*' ^p^^ T^p'^ ^^w ^ wPiP^^^pp 'Pi^^' PP* ' I^^^P^^PH^P'^^^^^^F ^UBI^PTP'^PIPP^ PP^P 
•y M ti*«» «c «>, JMMM tt MMt ««••« tff^M 
jd^aoppifAir actiiittistt M ^ iMbMfelniidL Pi£fiisft p* Mtut PB iiBrt& 
^ ^ ^ " ^ ^ ^ • ^ J l ^ * PIW^BP jP^pi'WpWp ^PW ^^^^^P^m^w^jp p^ppp ^ffJH^Ppi^p^PlK^r ilH^WilRBHIh PHHHIP IWpfcap%p 
MBV tOMMUMldk ilBiNMNHr# tllMR liMI J M l f t l l i l t i l HiBlitif lHl MBJiefe^  
^ •* ^ p^'wr"^^^^^^^ ww^ ••• ^»^p^IT "' II ^  p ^w^iP ^p^^MPPPw^ppPw^i^^i pp i^p i^VPiMiP^nNmf ip^p iwwip 
123 
<€ H M «HBMl(Ai OMitatf iilsiiir is ilMMI MiMMMiMlJLir In fllaa i i i * 
19MMIt.i.lUI ''^•-^'••^ >iM.aA i * Mii i iMMiMi mggmmmmlt^ j^jutg^tim^ i t t dteHHi^^tt 
teKlit* fka Villclil iii(ftffii*tTrTiiritinTlft a d tn^iM t^i^MAtm-MiM 
tfOBCMMMMftiiA filAfeit CdttiMMUHMi i l l tlMl finNdittM iMMKftiAB) 
^ ^ lii^eclMai mate ^ ^% ^ utiittWHiiMly .tijiMiifiiitww 
124 
jof maurt lit trill liMi mceottiai ttMfldt* SIAJD^ l i i iA is IAM9> 
proMBft in tiNi ooetifis iMi^«iiil iNmfta net IMI •wnpind In t^ 
H O l y l ^ ••• mil n..iiji> m e • g^o^ K3« 
mmim%m wmmmmmMl in mo* i«il« 
ammem • vis 
125 
IIJi I init I A mim 
l i^i bMB Ml a0Mi Qi HBMINI luijllilmrtifllfci tfNHP IMUMMI U M I 
ifefit^rii^Ui tiMM MJEnii mMfi ifiv MnH—ftnri find JiTlWM'nliKdiitf 
olmuMtti atttiMt ijrftaBs* tHOMl flHtolMlfi A G V **>•''—***«•> flMbteB^Oli M l 
fiCUP ll lMfBfti l *•»>* A L l t t M l * ttBMI^il&lftCl M l t l HffMrtMHTf B M l f e M M j J i b .atmmAmtm*-
lilitfi tMUiMeiiWM» niiirtii lfi i aaus ttonMlKlcMi iHMkac AMMCB MMAMBN* 
•« t l«« ttHa i » JLMTipilf 4MI %» tile i«»iliit»ai«fc # f ««» i i l # i 
iMVOMMMill UPf f0<iCil iWlNUltMI% im%MPtfli.> ^&lt IJPiiiiliirirtTt'TlW iff 
cMMtitfeyMB vnilB ifki^f^iMi Ob iMf flradyi fiMMiii inttMM *M>^ O M A 
^|pW^»" ' '^ !^W^^^^^"TP ^^W^^m^^W ^ - —• •» "pp^^P'^^ '^^•w wp^^w^ ^ j j^F^mOTV ^ ^ « n i p ^ B P * p ^ ^ I ^ ^ B P ' ^ P A ^ B P P W I ^UPWiPlBHI* 
ifti&iii ivmiiA pR»i«i»« m mmm^m wwiaitwa tiitmfli «i ^mm 
126 
40»effll»«a Itt « ^ « tlMM^ iff to ««»% ^M ^« l l iMPWHtHm 
l O M i i i a i t t o i miiUmmUm 9§ mam ^ tNi rn^mm *» i^#> 
*iiilfiii,''(iTBiHiri lA iffyaaffm niiiiftwi ttMMhfj i^ ffeisRMslMPiUBti lMNtasu^ |iMMi« 
HIBP'^TIPP ^^^»^i^pflw ^p^ i^p*ipw^^^^^^^ i^^^pp ^^ 'flB^p^ ^^w^^p ^^^^p^^ll^^m^^p^^pm^^^^^^^^ ^ W ^ ^ W ^ H ^ ^ P ^ ^ B ^ ^ B ^ ^^^ ^ip^i^^i^^^p ^•P'^ p 
^^ w'WB^^BW '^^ ^^^P^^^^ '^ ^^^P^^^'^^'^^^^^^^^^^F ^^^^flP'^^^^^^H^^I^ pj^^P ^^^P^^^pp.^P PP^W^^^^^^^^'^W^^pp ^^(P-^P^IFPBWP^^^^P W^ I^^ ^^^PP^^PW(P^^WP(W^Mr 
Mid SMemr dl£i^wstla& MNI tha I M ^ liee&B <tt •i^ nii** j^jji 
•^ PPW^W- I P ^ P ^ ^ I F ^ P U B ^PiPr^r^^^W ^ P ^ P ^MpPW^PV ^PVP^RP ^^^^W^ ^^^^PPPBW W^^^^^UPP ^^*^P ^^WMPIPVPPiW PSPPP'^ BBW 
Mppp taGdnMoliiB atu^tti MM bMMPdL 
•P^PiW^IP ^PP^P^W^W^^^^^P^^^^^ PIB ^ ^P'^ ^WP^P ^ IMir ^^W^^HP ^•'^^PBiP^i^PIP" 
Mfitiprt nil p tdLtis Bp fiMTt • ! Mksl^MiJi flB tlMi fflirititTfiifi attfeMii.p&ji ppd 
127 
^lHw3wi|t^l|nBHW*9 ••WlIP T I ^ I ^ W ^ P W W # ^ P | | ^ 4BI#P^I^P^^BI^(PW JP^W|| |^|P. | |^^^W *P^Pp ^Vwff^^^^^^^P^^MHp ^^^MWB^W^'^^WP 
oKiaci Ino^ttt «Nl • t i l—» i» f ^ Umt 4 —ititw^t IMAW bMH 
fldttBdNBTMlMi of tiui ooiitiirtl m r f niTii- f lM fnt 1 imliin I O B I I M I 
mmmmmmmmmmmmmmmmmmmmm. m iim 
f.J3lO^ KIOrgEI^  ' * ! *% 
M|ali»| "^^ '^ l^ i l^j|l»itit 
«»NIM>MNMWriM|l«MaMIIN«IMPf*^^ 
r#ia^ % *•**! 
mmimmmimmmmmimmtittmmmmaffmmmmmmmammmmmmm 
^ MM^lilMI fill AIM IBJIafltiMllt iMiMfttiiim i ft • f t l ^ AlMMlL* 
128 
i&aietit» fetittt Ifi <ig^4 fmOiWi mimt $it»Bgbm%9 mA msmmm m^tmmm 
«0» stirtsio midcii «9 PtJMm «»tttiagt show t^« M^iSiMQr of €iiM«&ii«iotti 
•lii£«^ in «iHi ea«lieai« mmeU^ lAiUtb i« ioUcwNBd lyy no vir l i t t l« 
viuri«a«n yi f^«inti#« for tNi iN»t of «ii« siwrioa* m »a« 
Mid mii i mA,m i ^ ^ 4 « ^ <^^^ •I^ MM' ofiMo^ y iniie«i «iNM4fiw uttii 
etos« #1—14 «o» tee «n«>i»€tf mmu»^, m^vm mm m mA. tim flm 
N»i|ii»imt:iuP(M fm^ing £«^ 490 to |006>'^ c« in tlm iwpigimim 9m^ 
coo «i» ooflPc t ^ i(4natic! 4(mfvo» (««• f«t«/ti«tl sheif $mtixtUM 
e^ ofi <«oei th« i««il»olie «««• iiw* €liinni««« jliMijitfrtMi «ea m^m 
th« is«fts«v«i«if» «ti»(p 400 * ioo^e, Aft mo^c, mit oiiwuto 0Mi«iii« 
IMM iMttoff oocmsoleii «Qi^ «iMiici« ^mk ^tm mm^estm^ •lo«l# M soosl^ c 
liiMPliiito oootodi «li0V tMio siiiicaflc^ oeeVMlee «ttilili«ieo timi tli« 
129 
mmmm ««• « ^ fi»»l«ttt« iKitcigiiia i»r mm mtimmmam mwm^ 
ir6o# mm* em m^ mm^c* in «ir» 
mmmt &i nmx mm mm^ iil#ifit im 4«fttt <»• m^bm e i iwiinitiiat? 
lt% wiiM&mtm Hi ^^^^ * ^ ^«a* liilw tineeft%«a •toil e^iMi oi t ^ 
si«it in PN»«iCNi mi i«»i€ •«!«•« 
gm InwRftifaiy mmm%. m tNi immi «»«i% ii^fot J^i#i«4iii liy • g i ^ 
130 
•RMit layer* Wmm^g n^m&^» oomy fm^^M^^ mA m>^ mmmmt l a i U o i i f 
tivttiy« mmtim mmtMoiuia maimg hot eomMA^i. m^ %s^m^m $m «h» 
tjr«toa t»il«lG«^ ll «R>«tiD9 mmm mA m%%msk tim «iioy a l cotUni^MfUL 
J^tffiilW-llsapj|f"lllf j|inBif^iw%(WliPw^|Ww ^^Jp "^^ * • • • ^WjWMppWBp ^ P H I ^ I ^ I P wBWP^^iwiBi WiiBB*^|pi •^|Pj(mM||WlP(^^P(BB'^lW(^^WP^^lWw ^ C w ^P^ViHkV^V 
• • a . «hew» ««MH»»Uc« of «!• 0«lt tHie i^Mi gmtii bcw)tta«giq» «t4 in 
iUMMy •oeimAettifl «t th^ alloy lAt^f«cMi« th* liiufo^ • t^ «ci «o«iea« 
Alleys siieii m^msl^m mHU^taUfMi ^Mm#i «li« ai^mt » i 4ii« if«ifia« 
•eiile is 9iMXfm to that otMs«fvaid ie e««« ^ ^ ^ ^ 4 *<^ o^<i ^ ^^ ^^T • » 
thl^tor «iM3 mam p»i««i«* f ^ «lloy ttatfix of t ^ cetfodaft tlley «NMI» 
«i^ (Kfi«;Q e£ mtmmtk mlii&s^tm i» mmi» €«ae« (in«#ftt«At • i l i o ^ * 
«D4 9SMKmt»mi idideMHi in o«ii«» 9«0«i «b« alloy i« ffapiitttag «Mbii»» 
•iv«iy» 
&mmm • VI PfMMBta ili« Miiil«« of hi#i ««ii>ofMiini oiiia»» 
^qp^^smv ^ ^ p v ^ ^ v ^ a ^ ^ p ^|^ffw»iB^^^liPifc^i^p» i ^ W ^ V R I M M ^ W V P ^w^OO»Oli|(|^HWp» ^ I IF^W^P ^ I ^ P " m^vflnpnHHHW^HWHimi^ aliM^^M^IO'limr ^BP^WB 
3tm t i i 0 ««Bpifii!iu^ oi44ii«ioB o^Milod iMt«^  bmm o«f«loi 
o«i% ia ait in tut «Mp«nitiicia mmm 4 ^ * 60^c, fHo mtm^ 
ittU4 atoal alloys aaiially iolloit a paetiieiio faaa lav in tlia 
lu»mv9^mm xaa^ a 409 • mm^c, Immmm tiia aiil4 atagl i^ oaa 
a llaaar ra«a lav at aoil^ c# xn 9Pi®ri&# all tlia tiifaa aaatiiiQa 
131 
mmmtm vmmm \ .cmmm % €b«Mfe«te\ nullstaii* 
f 
oC I t * mti. / ikjMM|M||yuMtt jHifkiMi <iai<iii-'--»|iM| tnA>jrifc JM*, m Maaitt^Mifl !«•*• 
t i l * gdMRBiMisii lajpufeat Mftd a i ld uttail JBiiBMi,Mi Sikfli ^  4«4 md 
thftte ctf Mild stttii.* SlMMitiislir AJL UMI nwtliirM ilMMi ft l^i/ifii 
MT n #fiiiiffr flKididi MBi&s uliftiili i s flOMPHfe* ttiui tiEM oii.tiy aiiaia 
tiUMDlNll tfWI anateiligi eflCftB IdBHft MKlUMlHi l l l t t i l l I f d L tehp MSUiiijPe 
yi^ i^dbt ififMiiii {£iraBi I^BMt aelid Mdkii^iii SIMMI Itt. i t e aildwl aid 
132 
flffP ^tiW^^W^pWWiw^p^P ^ I F W ' ^ R p w^Uk0 M M K J P ^ M W ^ P w^m0 # ^ P r ^MP#^|p aM^V' W^Wf ^BHWpiWW^WBp 
111 Qai-fttiiiiia €»i fl4icli4ib Inddib niiU'ii^i Mhi **••>* ^ t* 
wnfMmw ^ip|^W*Mwp»^|Pr ^ M P flUB^^P ^POw^|B# ^ I ^ R H R « ^ P liilPlp^ppi0 ••|f %mi|l 4iPHy '^mt0 
vraBKBBPQBpttA 
133 
JMK3BG alfetiAaj liMi UBiA WifliM'Wi fMUlMll flffiflii t f t l l - I M I ^ te 
n!WMwrt#fdtM iil^Bir i f inl • CiJ^li^Rli i t t ln l I M i t i r t t i j flnii 
11 mm^MtikmiAmat i|i|jM|itt|»i ii|i|ituMlijM|i. tail 11 fin MM I t t flMMitltt itf 
iii.<tot—nfciii.<M> iniMyisifijyiii liMi mtlnii'ifmiii odl €IDIII I^CI te ilMt «Q|iii«itt>aiui« 
www l^p •jWII^ P'Pww- ^^"^P^frUPPPTpfw^*' ^^^P'W^^^P^(^# ^VH^^M^WflMPP^p ^BI^lpH ^(^#S(P '^^^F'^MHR'fr P^i^ l^PW'-SBBiwjJIlWW* flpPlI^ 
1 ^ CMNMliiMB 4flMl ll»iliHyi.lKllif i ^ llMi iH iHUDi E t I n MBOi^lmuA t # 
flittfCir fliik iwitti^iii' %'tlt»fl4t twcHHSib fcagilifiili &BA MMMO^ tiiiiti tm^  
ULI tint' fir»fMi»irt«iiii« fim. jQtteiiiMiflgi IsidhuiiiftiaiHr i ^ fciM^ 
• ftt^At^tii | » asin^ ml, mwt mti fit 1iiftwrvlfftii» MEQliamtiiie miiMM»»4jfc 
•iF^p^w^ll^f^lp '^ ww i^ift J||P^|F^P^^W#^BW^^ ^WpwV^^^MH^^r W^HIPWWWIWIWUP j^WW vBmVRIni^pHMMPlV 
lODictJ ittdait diivtiTiniiinti iMtfiwiK txi iAgiuiiyifVte IJIMI^  tgiiift 
134 
MUmm^ #iiM»i» m mad imMi m mmmm iim^lm iMit* v^f 
tiiiiiiirlrffir oil ^£fiHenii.ii on i t i l i e liw tiidyftii iil iwilimii'itiiiinlifml *»<•**«•-
l i t laacmi^iM iMyii c^iOfliiidLiiJi^ dLiiMi tnliifiHiHi l im —»^ - 4« A. 'tiMMt*'*' wRr 
135 
#* mmAiwm** ^ «^ ^* ^* ii* ^^mmm sft»« 
%pJK3vmP1iSp *iWppWwji^»|(i" "^^l^w *^PW"*w ^^wWiw^l | | M P ^ ^ F # 
hii i i i i mttummmmmt tmmmm mt^bM §M^siu6tk itartriiMBitilitlifT l^biAit 
iii4aaiil H^RI; iHcii IMUS^ flUimii' fiNP aiMi t^a^biiKitt j[yaHi.i.ttdi 
:!eMKf..«fii#Mfc wdjia I j l iMMf* 
«xwMiMii««^ |g>gii^iwlii|»Hi# li.«E, il^iii« P ^ t t i t i l » W » 
Si* #«t* l i l i f ^ tii»P« 
136 
.dUMmm* fciaift. n g lJMdfctfliyi.il i!SHmmim,MMkm tbtem i l imi l i i i i# 
.mmm' filciiiJEUi •mmami§kmit.m r imini f l f flfl JLlI i l iMiellHI ' UttWlMGCIiw 
CaiMl#i«t#a |if> |4ii44i» 
t in Hi,* I^i^bAw tftifeiiaeS it inti it i t i t etiitffilii— atart 
I4« ii« #* aipiit!^- 1 ^ ]R»i« tti i«iN4iisi4»i«ftiiii Ito mil l 
137 
nil i«iiAA« fiBHirfci'iiMi a^tiAtm Ottit^UM* tiinrtoii NULIW* 
s^^ i i imiiiiiia ie«M»ao9«. 
^MMNii* «eM«t« isiitii* mm* »mdik mmk m» WH « 
138 
m. mm$ mi%$,m H immmm% os^t iiia«9wiii^*t in*) 
%«i« rinii^it i€iMiifi«ill |9fif ifCiU ii^Ti l«i# 
I0n»^i^ i P ^ i <o«r*) idMiit mm* m * ifii» itiHii * 
«•»• i« i4i« u^t anf si« i^n (dNftt ttm^ «f « ifii# 
.if* M«iMMei» Miftiw ii.tt, «it« iMK* ctMiif i»iKi« ii»« muim* %#) 
imm» liMit* fib pfi« iifiiM# 
m* HiiMilliiat <d^ f sifii# iil«Mii)A« iiiiitf«Mi» itii» immmM^ 
mwB^M^ mni^m um*»^ Bmmi 9mm% o»f# k1^i^^ i^ipiii# 
ii^ wt fft^ io* fit la* Ut m* mw^ mmif im§ imm* 
139 
wm m, mwn/m m ma. tim^ iit%« INPSI* f9/is# 
ii« y» iifii«if m^ mA «* Bill* c«* mmmA mwm^ m«) 
Si* »• lb #» ^Hs« i^ i«»aiiKt fitiitiiiii« immmfd f» ii»« •« 
uNiii itm^} ccNiii iMi%» i|i4iif« f i t i i * 
140 
»i ff* Bm %PiV# Midi A« JW ^&B>&h 4ft» i^ li](l>#- ISbiAi #if. 
l i * ttNv# our* ^"m^^ mi0k^» ii« miiiu&«t« ^i«wr itme JM@.» 
i t Mit i i ^ « CciMR* lOMirtt i » i i ( t f l « i i i i f f i i l « 
4 M i ^ Si a a » t i l t ««llt (ARPl* f4i« »«>• # »«t |#1t)t 
HtMiHt^*' Hitiartii i 9&«»lii« TMiaiitliii miaiMi giAiMi. 
»»«^^'Ti[^gp(BPPPpp'*Wf! v^Bi^pwiWWWiBljl?- -SB^Jfl^-^IWWP ^^P^I^W^PPIPIP^WIF ^W^)Pt||^^||ii|IP iV^PWIpRIB 
i d € Si t Ggjfi^ m #e%« i f t i « A ^ # 1 ^ ^ f i i f 
4S# l i % ieiitMiR@irff INrttiMi««#. miMi i i t t notiKIt\ ^ i i » 
H f t ^ « Oi i l a € # i» i | / 9 # I f «0iir« i99t mm* ff/«7« 
im it mt m^* i&^m* mmt.^ ifit im tmm^ ' • 
141 
m* ^* A* DBtill« SfitfOftOR OariQ»i«ll f tdtt lkt l f l l * SMMMldMPi 
J«PMW H i ( • » ««»» t«# COMMI, JllMitt St«4t««i# 49li l l) * 
i ilM»»<iWtf»<ll> m^m, t 9 f i i l l } t M l |fl«IMI#) iCiMb Mitt* 
#4» |9 i i i 4 i ^ ^ « 
4t« a«ii(i# Wiemmm^ l^ ir«i» sia«l ZIMI») »*«• i# Mttp ^ » 
id mnn 8 iaf)f #i t#>.# ivtit iiHiKf ^ t t ii*4itt« 
oer«) 
lo* Kascd, HmmA, imm seilBe^i» oi l«At)4^i^«i YSt 4t« 0I> 
(a anr* oN^ t cta^ 2i6«« m i CCNP* ^iiitt iM^f i« 
142 
i i« ^biMm»» i»ms €»im»0 B9^m* »iM»9» tm etumt iiM 
m.mmti€ mm&tisf o»* i«tiu) a^pM* m^mi* t7# i@i# 
tm Co. Ut €^yt^ , 10 s^6, I9T? (mm* mm^ m 
f» i&««fc « € x«i0i« St evUMiii c«ii>ifti# w M* m&m 
mmtAm^mi a* MS l i e e i i iii» (If st) immm mm*U»^wm» 
ii.d* #^ «* «Nisw oMMi* mm^mm^0 0 m iwM imm* m^t* 
m^imm, :m«t» Kiiif nmm im nam* mmm* mmA» 
m«m Mid^ |$18« C«) i i ^ i f (litM) immm JiMi%« i ^ 
|»T7* #41) # I tJ - l t f . 
143 
vsmAf n, ia« ii## <a« ISA i# ist ««# i»i4« I0i«i« 
mm* %mi, msm% m m €0mn i^m le a^ n « ifi»# 
^WfcPWfcWwPiwww^^r *ifl^*»^«II^WB^IWMF-i|F •'*^li^Ws|pj^^Wp'j|^^BP*WI # l^flP'l|p(iBWp"0'i(^ ' i^PWiWHM^ i ^ i B S B i " ^i^^PNw# 
i%v« S7i i»s« (dMi* i«b0t, i i ^ i i i t * asa»#« 
ooirp.) ii«a*i« Off* iMii, J^M i« ii»«i immtt mmS^'mns 
&ia«aii* i t n im p» lost* 
144 
4?» 'ifl.l.liiJw IMivwli MMI fl»tisfifl<ii julHiiill. tl" ( i t 1111111.1 Qui j. 
^^^^^" ^I^^^^W^W^^'^JIr w^ i^ WW ^ P^^" ^^Pt WP Tm^W^WP^ ^ ^ ~ "•w* ^'"^^IV^^^W"" )^' ^ "TI I^ IBP^W^I^W T|^P*p^^^Pr!|p ^irW^^^jniF 
I . -
mm iiii i^a c»iiM i i f# i» iiii>f* 
f&« i^iHii^t m^iov ittfiii*^ Ai^ f% ( M M i^ i«|ini mm» ^•^•i 
ft* &• WftiBiiMfa ¥« i!rtiiMwh(ib ft* xiiiidicl* Ifft TiirMiMttit 
« d IW iHsAfinti t * !!««•»# i s l * f i lN I#f4« '14 110 
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FIG 6.16 SCHEMATIC DIAGRAMS FOR THC SULFIDATION OF 
BORATE COATED MILDSTEEL 
IN PRESENCE OF Na2S04 
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Fig . 3.2(e) SEH pic ture ot borate coating corroded 
in IN l^ 5K0- showing hexagonal p a l l e t s of 
Fe-BOg and flacks of C^ CgO^  on the sur-
face 1600 X. 
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Pig . 3.2(f) SEM picture of borate coating corroded 
in IN HI^ O, shovjing hexagonal pa l l e t s of 
Fe-BOg and flacks of Cr-O^ on the suxv 
face 1600 X. 
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Fig . 5.5(b) SEM pic ture of s i l i c a t e s coat ing in 
presence of NagSO^ a t 800Oc/v^ x . 
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P i g . 5*5(c) SBM pic ture of s i l i c a t e . c o a t i n g in 
presence of NaCl a t 800 C 2 iio 
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Fig, 6,8(a) Ehotomicrograp*! of anealed mild steel 
showing pearlite and ferrite 100 x. 
Fig. 6,8(b) fhotcmicrograph of mild steel in presence 
of KsuSO, at 75o°c 100 X, 
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